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CHAPTER I. INTRODUCTION 
The United States has always given high priority to the 
growth and development of its natural resources. Within the 
broad framework of government policies, oil depletion allow­
ances have been provided for the petroleums industry, 
developmental policies have been adopted for agriculture and 
the provision of land and cheaper fuel stimulated the develop­
ment of the railroad, automobile and airplane industries. 
The extent of public involvement is documented by Moreell 
who writes that as of 1956, navigation was 98 percent subsi­
dized, flood control 94 percent subsidized, irrigation 73 
percent subsidized and power development 40 percent subsi­
dized (80, p. 49). This push by government to expand the 
productive resource base which increased output and 
subsequently the standard of living of millions of Americans 
is clearly evident for U.S. agriculture. 
Early government policies for agriculture were designed 
to distribute the Nation's vast land supply. These earlier 
developmental policies culminated in the Homestead Act of 1862 
which provided land to settlers free of charge. Other 
policies established state agricultural colleges and the U.S. 
Department of Agriculture (1860's), experiment stations and 
research centers (Hatch Act of 1887), agricultural extension 
service (Smith-Lever Act of 1914), vocational agriculture 
departments (Smith-Hughes Act of 1917), Federal Land Bank 
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System (Farm Loan Act of 1916), Federal Intermediate Credit 
Banks (1923), various other credit institutions between 1933 
and 1946 and the Soil Conservation Service (38, pp. 48-55). 
Other developmental policies specifically for irrigated land 
and water use in agriculture include the Swamp Act of 1850, 
Desert Land Act of 1877, Carey Act of 1894, Reclamation Act 
of 1902, Warren Act of 1911 and the Reclamation Extension Act 
of 1914 (50, pp. 19-28). 
Past Changes in U.S. Agriculture 
As illustrated in Table 1, the concentrated effort to 
develop U.S. agriculture and food production potential has 
allowed total output to increase with reduced employment of 
cropland and labor. New forms of capital technology have 
substituted for these resources and increased the productiv­
ity of farming. Since 1910-14, crop production per acre has 
risen 87 percent, man-hours of labor have declined 70 percent 
and total farm inputs have risen by 77 percent. Thus, the 
supply potential of U.S. agriculture has increased 
substantially. Aggregate demand, however, has failed to 
keep up. 
In the earlier development of U.S. agriculture (1800's), 
demand increased because of two factors; (1) the population 
was increasing and (2) per capita food consumption was 
increasing due to "high" price and income elasticities of 
Table 1. Farm production and efficiency, 1910 to present^ 
Total Cropland Crop pro- Total farm 
farm Popula- used for duction Man-hours production _ 
Year output tion crops per acre labor used inputs Productivity 
(1957-59 = 100) 
1910-14 52 55 94 69 217 85 61 
1930-34 60 72 107 64 210 93 65 
1940-44 78 78 104 80 191 99 79 
1950 86 87 106 84 142 101 85 
1960 106 103 99 109 92 101 105 
1969 121 116 94 129 64 112 108 
^Source: (150). 
2 
Output per unit of input. 
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demand. The combination of low input prices and growing output 
in a highly elastic market lead to higher farm incomes even 
with lower prices for farm output. According to Heady (38, 
p. 53): 
It is likely that the equivalent of an elastic demand 
for farm products existed up to around 1910. 
By the early 1920's, after the wartime demand had slackened, 
demand became highly inelastic. 
Since food demand responds most importantly to changes 
in population, food prices and per capita incomes, inelastic 
price and income elasticities reduce the effect of changing 
prices and incomes on food demand considerably. In the 
United States, the price elasticity of demand for all food 
taken together is estimated at -0.22 and the income elasticity 
for food expenditures is about 0.1 while the income elasticity 
for the physical quantity of food is zero (38, pp. 9-10). 
Thus, increased aggregate food demand depends primarily on 
growth in the population. 
Beginning of compensation policies 
In 1929 Congress established the Federal Farm Board to 
subsidize the withholding of farm products from the market 
through cooperative marketing corporations. But due to lack 
of production controls, and because it controlled such a 
small proportion of marketings, the board was unable to raise 
prices. With the advent of the depression in the early 
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1930's and further depreciation in the "parity ratio", by 
the winter of 1932-33, many farmers were fueling their 
stoves with corn which was then cheaper than coal (139, 
pp. 2-3). This crisis lead to the Agricultural Adjustment 
Act of 1933 (AAA) and the present set of compensation policies 
that are essentially extensions of policy concepts developed 
in the early 1930's including; (1) voluntary reductions in 
acreages of basic crops, (2) direct payments for participating 
producers and (3) use of federal funds for expanding 
agricultural markets and the removal of agricultural surpluses 
(139, pp. 4-5). 
The programs initiated in the 1930's were emergency 
programs and most authorities and the public believed they 
were temporary. Additional food demands during both World 
War II and the Korean Conflict supported this belief. But 
once the war-torn countries had restored their own production 
capabilities, demand again subsided (38, p. 65). By the end 
of the 1950's, the Commodity Credit Corporation (CCC) had 
accumulated huge stocks due to the high price supports and 
ineffective supply control programs used in the 1950's. 
Then in 1961 the Feed Grain Program was initiated. It was 
a voluntary program and provided for direct payments as well 
as price support loans for farmers who reduced their feed 
grains acreage. Similar programs were begun for wheat in 
1964 and cotton in 1966, Acreage retired under these three 
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programs and the Soil Bank (initiated in 1956) reached nearly 
55 million acres in 1962 and averaged 56 million over the 
period 1961-70. Annual government payments to farmers 
reached nearly $3.8 billion in 1969, not including auxiliary 
cost of administration and other programs (Table 2). Brandow 
estimates these other costs at $1.3 billion in 1968 (5). 
In addition to land retirement, the government has used 
public storage programs, domestic food programs and publicly 
assisted food exports for price support and supply control. 
The combined effect of supply control and demand expansion 
allowed CGC stocks to decline over the past decade from their 
record highs in the late 1950's (Table 3). Domestic disposal 
programs amount to about $250 million annually (38, p. 78). 
Policy conflicts 
Currently the United States invests in both developmental 
and compensation policies. Public expenditures include those 
for research and education including extension, irrigation 
development through the Department of the Interior, direct 
payments for price support and supply control, publicly 
assisted domestic and foreign food aid, payments for terraces, 
trees, etc. under the Agricultural Stabilization and 
Conservation Service (ASCS), technical aid through the Soil 
Conservation Service and miscellaneous other programs. 
The development of irrigated lands provides a clear 
example of conflicting policies. Total U.S. irrigated 
Table 2. Land retired and direct payments to farmers. United States, 1961-70^ 
Land retired under 
Year 
Feed grain, wheat 
and 
cotton programs 
Long-term 
or 
soil bank Total 
Direct 
Feed 
grain 
program payments to 
Wheat Cotton Other 
farmers 
Total 
(million acres) (million dollars) 
1961 25.2 28.5 53.7 772 42 - 679 1,493 
1962 38.9 25.8 64.7 841 253 - 653 1,747 
1963 31.7 24.3 56.1 843 215 - 638 1,696 
1964 38.0 17.4 55.5 1,163 438 39 541 2,181 
1965 43.0 14.0 57.4 1,391 525 70 477 2,463 
1966 47.6 13.3 63.3 1,293 679 773 632 3,277 
1967 25.2 11.0 40.8 865 731 932 551 3,079 
1968 35.7 9.2 49.3 1,366 747 787 562 3,462 
1969 50.2 3.4 58.0 1,643 858 828 465 3,794 
2 2 2 
1970 56.2 .1 59.7 1,504 871 919 423 3,717 
^Source: (126, 159) 
2 
Estimated. 
Table 3. Land under retirement. exports and CCC commodity stocks , 1961-70^ 
Total land retired Exports CCC stocks3 
Year 
under government 
programs Commercia1 
Publicly^ 
assisted 
Feed 
grains Wheat Cotton 
(million acres) (million dollars) (000 tons) 
1961 53.7 3,443 1,503 58,304 33,990 1,257 
1962 64.7 3,572 1,570 57,704 33,900 367 
1963 56.1 3,612 1,466 46,384 31,350 1,176 
1964 55.5 4,627 1,441 41,440 29,460 1,489 
1965 57.4 4,499 1,598 40,896 21,360 1,948 
1966 63.3 5,288 1,388 29,732 17,160 2,539 
1967 40.8 5,463 1,308 14,584 6,480 2,097 
1968 49.3 5,013 1,298 10,132 3,270 312 
1969 58.0 4,696 1,044 13,564 3,000 34 
1970 59.7 5,664 982 15,944 5,040 555 
^Source: (126, 197). 
2 Includes disaster relief, food aid and concessional sales during calendar 
year. 
^On January 1 of year indicated. 
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acreage increased from 14.6 million acres in 1929 to 43.3 
million in 1969 (221, Neg. ERS 7061-69 (9)). The Economic 
Research Service estimates that 20 percent of the total value 
of all crops produced in the United States is from irrigated 
land (93). And 90 percent of the irrigated land is located 
in the 17 Western States (221). The development of irrigated 
lands has come from both private and public sources. The 
Bureau of Reclamation has been the primary federal force in 
this development and irrigated land in federal developments 
totaled 6.6 million acres in 1959 (219). Nonfederal 
developments have dominated in acreage irrigated from stream 
and ground water sources. Federal developments have received 
water primarily through storage reservoirs (Figure 1). In 
recent years development of irrigated lands has been 
primarily through ground water by nonfederal forces. 
Irrigation development, however, is only one part of the 
broader field of land reclamation which includes land 
drainage, land clearing and rehabilitation of eroded lands. 
These other practices also have been ongoing in all parts 
of the United States (50). 
Thus, this nation has been investing in two conflicting 
sets of policies for agriculture. Not only is "new" land in 
the West substituted for "old" land elsewhere, but some of 
this "new" land is retired in present price support and 
supply control programs. Howe and Easter estimate that the 
10 
FEDERAL 
FEDERAL 
NON-FEDERAL 
0^# ÏÏM^^ M 
NON-FEDERAL 
1899 1909 1919 1929 1939 1949 1959 
Figure 1. Irrigation development in the 17 Western States, 
1399-1959 (Source: (244)) 
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total cost of land retirement and price support for publicly 
served irrigated land could have been as high as $350 million 
in 1964 (49, pp. v-14, and v-20). Thus, to some extent, anyway, 
two public investments cancel each other out. On the other 
hand, the original public investment to develop the irrigated 
land might have been to promote regional development as well 
as to increase and stabilize the food supply. Also, if 
agriculture had not been the dominant user of water, 
especially in the West, probably only a fraction of the 
present water developments would now exist. In other words, 
large quantities of water would not now be available for 
reallocation if required in the future (255, p. 208). This 
implies the right investments might have been made for the 
wrong reasons. 
The correct mix of developmental and compensation 
policies, one to increase economic development and one to 
distribute the gains and losses, is one of the basic policy 
problems before American society (38, p. 65). 
World Food Outlook 
Currently the United States has more than adequate food 
and research indicates this positive balance will still exist 
a decade from now (40). But what about the rest of the world? 
A few years ago a provocative book Famine 1975 appeared with 
the Malthusian theory applied to various parts of Asia, 
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Africa and South America (92). According to the authors, two 
things are clear (92, pp. x, 230): 
. . . the hungry maw outside our borders is beyond the 
ability of even our abundance to satisfy. 
Yet none, alone or in combination with each other, 
will have major effect on the food crises of the 1970's. 
"Something" will not turn up. 
Brown writes (10, p. 18): 
Eradicating hunger in a world with an exploding 
population is one of the most complex tasks man has 
ever set for himself. Putting a man on the moon is 
simple by comparison. 
According to Abel and Rojko, however, the outlook is 
not so bleak (1, p. iii): 
The results of this study imply that the world probably 
will continue to have excess production capacity by 1980. 
Today the outlook is more promising because of the so 
called green revolution (9, 21). Even Brown in The Seeds of 
Change has changed his outlook (9, p. ix); 
This book tells the story of the turnaround on the 
food front. 
A "turnaround" also was made by this author in a period of 
about 3 years. 
His book points up how rapidly the world food situation 
can change and the importance of considering exports when 
developing overall land and water use policies. A lower 
level of export demand, everything else remaining unchanged, 
will have a price depressing effect on the domestic market, 
unless supply control programs are accelerated. A higher 
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level of export demand can lead to a lessening of controls 
and a stimulation of trade. It also is important that the 
products available for export are the ones desired by the 
importing countries. 
The Problem Stated 
The previous sections review this Nation's attempts to 
develop its productive resource base to foster economic 
development and a higher standard of living for its people. 
In the time period covered, vast changes occurred in technology, 
population, exports both for commercial sale and food aid 
and the mix of resource inputs with land being provided at a 
very low or free price in the early history of this Nation, 
The world food outlook also was briefly reviewed. As noted, 
the present outlook is optimistic but there are those who 
take a more pessimistic view. The question to be answered 
for the future, therefore, is whether past successes to 
develop food potentials will continue. Assuming this Nation 
and the world will continue improving the range of human 
choice for the people, can the United States meet future 
food and fiber needs with the total of natural resources 
available at a reasonable cost of food to consumers? In 
other words, does the United States have enough water and 
land (and other resources) to achieve its goals for continued 
economic development? 
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These questions are difficult to answer but they must 
be answered. And they must be answered before allocative 
commitments are made for future resource development. In an 
economic context, we want to maximize^long-run social welfare 
given the total of natural resources available. Thus, water 
and land policies become integral parts of long-range economic 
and social policy. Also, in an economic context, we want 
efficient allocation of water and land (and all other 
resources) among competing uses and an equitable distribution 
of the gains and losses of development. The marketing and 
pricing system will not guarantee optimum income distribution. 
On the other hand, proper tax, compensation and other fiscal 
policies can modify the market system to yield the desired 
goals. 
Importance of the problem 
The answer to whether we have enough water and land for 
future needs is an important factor in determining investments 
for future resource development and water and land use policy. 
Historically new water projects have been considered as 
engineering problems. Also, most major decisions affecting 
water and land use are public rather than private. And once 
a decision is made the policy usually becomes frozen into 
society. Also, government ownership and the public's role 
in the decision making process often isolates completed water 
projects from the price system. Thus, the burden to society 
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of a misallocation of resources can be very costly both in 
time and money. Many installations and water projects are 
expensive to build and take many years from the original 
investigation through planning, authorization and final 
construction. Many of these decisions or projects can freeze 
a region's pattern of water and land management, influence 
rates of economic growth, etc. In summary, economic questions 
such as the following must be answered before legal and 
physical restraints lock in undesirable long-run effects. 
(1) Will current surpluses continue? (2) Will food and 
fiber demand place a premium on water for food production or 
will population growth and consumer tastes and technology 
place a premium on water for industrial and municipal uses? 
In 1965 agriculture (irrigation and livestock) used 92.5 
percent of all the water consumed in the 17 Western States 
and 85.3 percent of all the water consumed in the Nation. 
For 2000, the Water Resources Council estimates that agri­
culture will consume 82.2 percent and 72.5 percent, 
respectively (250, Tables 7-3-5 and 7-3-9). Since agricul­
ture is and probably will continue to be the largest consumer 
of water, a study of future water requirements in agriculture 
is of primary importance, especially if a reallocation of 
water among alternative uses becomes necessary in the future. 
The study should include an interregional analysis and 
consider both land and water use alternatives. 
15 
Other discussions of the problem and its importance 
also point up the need for basic overall economic studies 
(13, pp. 1655-66; 23, pp. 539-40; 50, p. 5; 42, Chapter 7; 
100, pp. 1244-58; 256, pp. 197-214; 259, p. xii). 
Complexity of the problem 
Unlike land, water can be a burden as well as a benefit. 
Water can flood, pollute and erode the soil as well as "make 
the desert bloom." Water as a resource is partly on the 
surface, partly in underground aquifers and partly in streams. 
The supply of water is renewable but can vary both within 
one season and over a period of years. Also, some uses of 
water are competitive while other uses are complementary. 
Like land, however, most public decisions affecting its future 
use are determined in the political arena. 
Historically water and land policy have been determined 
independently. But, as discussed in an earlier section, 
newly developed irrigated land results in land elsewhere 
being removed from production. Thus, the problems of land 
and water use need consideration in a simultaneous economic 
framework. On the other hand, certain legal or physical 
conditions may prevent a needed reallocation, especially if 
the problem is isolated from the pricing system. There are 
some uses of water, however, where the pricing system cannot 
be used as a choice-indicating mechanism. But in most cases 
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water should be allocated according to its highest marginal 
value product. This would allow maximum flexibility of 
water use in the face of rapidly changing optimal patterns 
of use. Many writers have suggested adoption of a pricing 
system for water use (3, 23, 42, 47). 
Approach to the problem 
This study is based on a large-scale linear programming 
model. A general equilibrium model might have been the best 
approach, given the complexity of the problem. However, 
present data, time, money and computer facilities available 
for the study did not allow this approach. But more 
importantly, the model chosen was selectively designed to 
isolate the effects of changes in certain major variables. 
Otherwise, the problem of confounding would have been quite 
serious and the results would have been unmanageable. Hence, 
the possible outcomes are determined within the framework of 
alternative sets of assumptions. The approach used allows 
simultaneous consideration of (1) exogenous variables affect­
ing food demand, (2) government programs that control supply 
and increase exports, (3) alternative rates of technological 
advance and (4) alternative prices of water. 
Answers to the numerous questions posed provide much 
data for groups and policy makers interested in land and 
water use. For example, the demand for irrigated land can 
be expressed in functional form; 
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Irrigated land = f (national and regional food demands, 
supply potential in agriculture, crop mix, 
competing uses for land, water and other 
input prices, regional distribution of total 
agricultural activities, policies adopted by 
Congress for land and water use and project 
development, direct allocation of water among 
competing uses, exports and imports) 
= f (technology, population, national income 
and its distribution, water prices, public 
water supplies, availability of ground 
water, irrigation systems and technology, 
government policy for land diversion and 
supply control, exports and imports, other 
farm input prices, farm commodity prices). 
A similar function could be developed for water demand. 
But both functions would focus on the quantity aspects of 
land and water use. To add water quality would provide another 
dimension and make the problem much more complex. For 
example, water quality can be expressed in functional form; 
Dilution flow = f (standard of water quality, location and 
characteristics of receiving waters, amount 
and characteristics of water-borne wastes, 
level of treatment before discharge). 
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Incorporation of this relationship into the quantitative 
analysis would provide information needed for policy decisions 
but requires resources and time exceeding the limited time 
and funds that are available for this study. Consequently, 
this study focuses only on quantity aspects of land and 
water use. 
Previous Studies of Water and 
Land Supply-Demand Balances 
In the past two decades, a number of major studies and 
commissions have looked at future needs for water and land 
(63, 83, 243, 246, 250, 260). 
Future land needs 
In 1965 President Johnson appointed the National Advisory 
Commission of Food and Fiber to appraise long-range agricul­
tural and related foreign trade policies. After extensive 
study the Commission issued its report Food and Fiber for 
the Future. The Commission concluded (83, p. 14); 
. . . land is becoming a less limiting factor in food 
and fiber production. 
The Commission also stated that there is much unused and 
underemployed land that could be brought into production. 
The Commission estimated that nearly 80 million acres of 
land could be returned to production in a short time (83, 
pp. 14, 243). Regarding water, the Commission concluded 
(83, p. 246): 
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The water problem is more serious and complex than the 
land use problem, but again it is more a question of 
proper management and allocation than of outright 
shortage. 
The Commission also commented on U.S. resource policy (83, 
p. 250); 
The Nation has already paid a high price for looking at 
resource use in a regional or commodity context, rather 
than a national context. 
The United States does not have, and has not had, an 
overall resource policy. The policy consists of a 
large collection of subpolicies, each developed from 
the standpoint of a particular interest—the development 
of a region or the furtherance of a specific policy. 
The general conclusion on land use reached by the 
Commission is supported by others (64, 127, 253). According 
to Krause (64, p. 5): 
In general, it looks like urban uses won't take much 
cropland. An increase of 80 million people would take 
at most about 20 million acres of land. Based on past 
experience, we estimate that about half of this, or 
10 million acres, might be cropland. This is about 
2 percent of our present 430 million acres of cropland. 
The effect would probably be less than that because 
much cropland in the East is already in the reversion 
process due to economic disadvantage. 
A recent study by the U.S. Department of Agriculture 
indicates that 49 million more acres, in addition to that 
now held out of production, or 15 percent of land presently 
used for cropland, could be farmed if needed (127). It is 
estimated that 33 million acres of this added land could be 
used for major field crops such as corn, soybeans, rice and 
cotton. An earlier study by Upchurch indicates 150 million 
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more acres could be converted to cropland at a cost of $30-50 
billion (253, pp. 215-23). Some of this new land would 
require water for irrigation. Therefore, it does not seem 
that land will restrain future food and fiber production. 
There have been a number of studies to project future 
irrigated acreages (93, 95, 244, 245, 250). These studies 
will be reviewed in Chapter III when they are compared with 
the results of the present study. 
Future water needs 
A number of studies and Commissions have concentrated 
primarily on future water requirements (63, 243, 246, 250, 
260). In 1950 President Truman appointed the Water Resources 
Policy Commission (also known as the Paley Commission) to 
extensively review and reappraise the Nation's water 
resources policies and related land use problems (243, p. 
307). The Commission was asked to recommend policies in 
light of the national needs and objectives. The Commission 
submitted its report at the end of 1950 in three volumes; 
A Water Policy for the American People, Ten Rivers in 
America's Future and Water Resources Law. The Commission 
recognizee the scarcity of water and the interregional 
relationships between land and water use (243, pp. 2, 6): 
. . . water is limited in relation to the many and varied 
needs for its use. These needs will grow in size and 
complexity as the population grows and as industry 
develops. 
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Irrigation and drainage, navigation and flood control 
... the provision of ample domestic water supply— 
all these purposes have legitimate claims within any 
one basin; but if one is developed without regard for 
its effect on the others, conflicts and losses will 
result. 
The Commission made 70 recommendations covering program 
planning, collection of basic data, water resources 
management, land reclamation, water supply, fish, wildlife 
and recreation and many more. None of these recommendations, 
however, were implemented at that time. 
Then in 1954, President Eisenhower appointed a Presi­
dential Advisory Committee to establish national policies 
to conserve and best utilize the full potential of our water 
resources. The Committee reported its findings in its 
report Water Resources Policy (53). The Committee made a 
number of major recommendations to improve water resources 
policy including; (1) accelerated collection of basin data, 
(2) water resources planning with cooperation by Federal, 
State and local agencies and (3) establishment of an 
administrative structure to improve and coordinate project 
planning and water resources research. These recommendations 
also were not implemented at the time. 
Probably the most comprehensive and complete analysis 
ever of future water and irrigated land requirements was done 
by the U.S„ Senate Select Committee on National Water Resources, 
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established in 1959. The Select Committee's report, commonly 
called the Kerr Report, was submitted to the Senate on 
January 30, 1961 (246). 
The primary purpose of the Select Committee was to study 
how water resources were related to the national interest and 
how both government and private forces could provide the 
quantity and quality of water needed by the population, 
industries and agriculture in the future. 
The Select Committee in its summary report concluded 
(246, p. 15): 
. . . the task confronting the Nation in the water field 
is one of meeting the growing demands on water resources 
in the most efficient manner consistent with accepted 
public aims. 
To solve the water problems the Select Committee realized 
the need for (246, p. 2); 
. . . development of increased public awareness and 
understanding of the Nation's water resource problems; 
of their effects on the Nation's economy; and of 
possible ways of solving them. 
The Select Committee made a number of recommendations, many 
of them similar to those of previous commissions and 
committees. In addition, however, the Select Committee 
recommended (1) a periodic assessment of the water supply-
demand situation, (2) a study of where water shortage will 
be most acute by 1980, (3) a study of problems involved in 
future reservoir construction and (4) use of public hearings 
to stimulate public debate and interest on water resources 
development. 
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In 1961 President Kennedy proposed the Water Resources 
Planning Act (S.2246) as a direct result of the Select 
Committee's recommendations (20, p. 160). However, the 
bill was not enacted until 1965 as Public Law 89-90. The 
bill consisted of three major parts (20, p. 160); (1) 
establishment of the Water Resources Council, (2) establish­
ment of River Basin Commissions and (3) grants to states for 
cooperative water resource planning and research. 
After the Water Resources Council was established, one 
of its first tasks was to make an assessment of the Nation's 
water resources. The Nation's Water Resources was submitted 
to Congress in November of 1968 (250). In this report 
projections are made of water and related land use for 1980, 
2000 and 2020 for the 18 river basins in the conterminous 
United States. In its findings, the Council does not report 
any basins as being water deficient by 2020. There are a 
number of basins, however, particularly the Upper Colorado 
and Lower Colorado river basins, where the consumptive use 
is more than 70 percent of the total available supply by 
2020 (250, Figure 1-21). 
In a more recent study, Wollman and Bonem calculated 
the total required flows (consumption) plus waste dilution 
and water available in 1960 and 2000 for 15 river basins in 
the United States (260, Table 82). Their results are 
summarized in Table 4, Although the Water Resources Council 
Table 4. Total required flows (consumption) plus waste dillution and water 
available in 1960 and 2000 as reported in the Wollman-Bonem study 
by river basinl 
1960 2000 
Surplus Maximum Surplus 
Regulated Required or regulated Required or 
River basin flow flow deficit flow flow deficit 
(million acre feet per year) 
North Atlantic 37.30 9.60 27.70 152.54 27.69 124.85 
South Atlantic-Gulf 106.41 13.26 93.15 208.38 53.96 154.42 
Great Lakes 13.78 9.44 4.34 71.20 28.56 42.64 
Ohio 23.64 2.58 21.06 127.81 12.35 115.46 
Tennessee 23.30 1.82 21.48 45.24 6.43 38.81 
Upper Mississippi 17.70 2.07 15.63 51.67 5.96 45.71 
Lower Mississippi 1.68 1.76 -0.08 39.44 5.95 33.49 
Missouri^ 34.72 14.97 19.75 46.83 22.22 24.61 
Arkansas-White-Red 34.28 8.32 25.96 72.49 13.38 59.11 
Texas-Gulf 17.25 13.85 3.40 29.01 29.96 -0.95 
Rio Grande 3.36 5.59 -2.23 3.36 7.31 -3.95 
Colorado^ 12.77 16.20 -3.43 12.77 28.23 -15.46 
Great Basin 6.05 6.45 -0.40 7.77 7.85 -0.08 
Columbia-North Pacific 70.35 18.00 52.35 150.74 41.32 109.42 
California-South Pacific 30.13 31.58 -1.45 51.86 47.70 4.16 
United States 432.72 155.49 277.23 1,071.11 338.87 732.24 
^Source; (260, Table 82). Assumes a medium level of economic growth and a 
minimum flow for waste dillution in 2000. 
2 
Includes Souris-Red-Rainy flows and requirements. 
^Includes Upper Colorado and Lower Colorado basins. 
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does not report any water deficit areas for either 2000 or 
2020, Wollman and Bonem project water deficits in four river 
basins in 2000. The river basins are the Texas-Gulf, Rio 
Grande, Colorado and Great Basin. According to their study, 
the last three river basins also had a water deficit in 1960 
along with the Lower Mississippi and California-South Pacific 
basins. 
Summary of previous studies 
Recent studies do not foresee a future shortage of land. 
Past research and studies on water have stressed the 
importance of a coordinated land and water use policy deter­
mined on an interregional basis with emphasis in the most 
recent studies on the future water demand-supply situation. 
According to Wollman and Bonem, four river basins will have 
water deficits by 2000. 
Objectives 
The primary objective of this study is to answer the 
question of whether the Nation has enough water and land to 
satisfy its future food and fiber needs. Secondary objectives 
are to estimate quantities related to the primary objective 
(such as water and land used), to estimate the agricultural 
demand curve for water, to illustrate the substitution between 
water and land and to estimate the value of water rights. 
Auxiliary objectives are to formulate a mathematical model 
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capable of fulfilling the above objectives and to estimate 
and project the parameters and coefficients necessary for a 
detailed analysis of the problem. 
The specific objectives of this study in order of 
implementation are as follows ; 
(1) To formulate a mathematical programming model with 
enough detail for the analysis yet manageable and 
practical with the time and other resources 
available for the study. 
(2) To develop a basic programming model and data bank 
that will allow future studies to include both 
quality and quantity aspects of water and land use. 
(3) To delineate agricultural producing areas, consuming 
or market regions and water supply regions consistent 
with the overall objective, data available and basic 
agro-climatic characteristics. 
(4) To project the alternative levels and geographic 
distributions of population in 2000 for each of the 
223 producing areas in the United States. These 
projections are needed to provide the regional 
nonagricultural demands for water and regional food 
demands for each of the water supply and consuming 
regions defined. The projected distributions used 
are modifications of those of the Office of 
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Business Economics (QBE) of the U.S. Department of 
Commerce and were made available for use through 
the cooperation of the QBE and the Water Resources 
Council. 
To estimate domestic food demand and exports for 
the year 2000 based on existing demand functions, 
projected levels of per capita incomes, population 
and the world food situation. 
To project yields and other production coefficients 
for the crop and livestock production activities 
in 2000 based on (a) trend technologies for all 
crops and livestock and (b) advanced technology for 
crops and livestock in the Southeast and for live­
stock across the entire Nation; to define separate 
activities for irrigated and dryland crops in the 
17 Western States and the associated levels of 
irrigable land; to estimate transportation costs 
of intermediate and final products; and to project 
the water supply in 2000 based on present and 
projected reservoirs between the present and 1980. 
To determine the efficient regional pattern and 
national levels of crop and livestock production, 
dryland and irrigated acreages, unused land and 
land shifted from annual crops to tame hay 
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production under the alternative levels of population, 
exports, technology, water prices and the absence 
or existence of government supply control programs. 
(8) To determine the efficient regional pattern and 
level of water use in the 17 Western States; and 
to define the areas of future water surpluses and 
shortages under the alternative futures. 
(9) To estimate the agricultural demand curve for water 
and provide initial estimates of the amounts of 
water that could be released from agriculture for 
nonfarm uses, should the nged arise, under a pricing 
mechanism for agricultural water use. 
(10) To evaluate the potential of substituting present 
land surpluses for future water and irrigated land 
developments in the absence of government supply 
control programs; to evaluate potential substitution 
of technologies for crops and livestock in the 
Southeast and livestock in the United States for 
irrigation water;and to determine the substitution 
of land for water under a pricing mechanism for 
agricultural water use. 
(11) To estimate resulting national average farm prices 
under each of the alternative futures; and to pro­
vide a basis for establishing values for water 
30 
rights for potential transfers of water among 
uses and locations. 
In general, this study is an analysis of the inter­
regional distribution of crop and livestock production, 
land use and water use for alternative futures. Commodities 
included in the analysis are corn grain, sorghum grain, wheat, 
barley, oats, oilmeals (soybeans and cottonseed), cotton lint, 
sugar beets, silages, hay and pasture, fruits, nuts, rice, 
vegetables, dairy products, pork, beef, broilers, turkeys, 
eggs, and lamb and mutton. All projections are for the 
year 2000. 
Policy Models Analyzed 
Four basic policy models are analyzed in this study; 
Model A, Model B, Model C and Model D. Model, A, Model B and 
Model D are free market models with C level, D level and B 
level population projections, respectively. Model C, with 
D level population, simulates an annual land retirement 
program somewhat similar to the wheat, feed grain and cotton 
programs used during the 1951-71 decade. These four basic 
policy models assume present prices for water in 2000. Model 
A, Model B and Model C all incorporate trend technology and 
exports of farm products at 67-69 average levels. Model D 
incorporates advanced technology for crops and livestock in 
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the Southeast and for livestock across the entire Nation and 
exports of farm products are nearly double the 57-69 average 
levels. 
In addition to the basic policy models, three policy 
models designated as Model Al, Model A2 and Model A3 are 
formulated and applied. These latter models incorporate the 
features of Model A except for alternative prices for water 
in the year 2000. Under Model Al, farmers in the 51 water 
supply regions (Figure 3) pay at least $15.00 per acre foot 
for water (from surface runoff), under Model A2 at least 
$22.50 per acre foot and under Model A3 at least $30.00 per 
acre foot. The four policy Models A, Al, A2 and A3 provide 
(1) points on the agricultural demand curve for water, (2) 
initial estimates of the amounts of water agriculture can 
release for nonfarm uses and (3) illustrations of the 
substitutions between water and land when a pricing mechanism 
is adopted to allocate agricultural water use. The seven 
policy models analyzed are summarized in Table 5. 
The basic programming model used in this study and the 
moaels used for parameter estimation are presented in Chapter 
II. Research results from the seven policy models analyzed 
are presented and compared with other studies in Chapter III 
and a summary of the results and their implications are 
presented in Chapter IV. Additional research results are 
presented in the Appendixes. 
Table 5. Summary of the policy models included in the study 
Policy Farm policy Population Water price Exports Technology 
Model A free market 300 million^ present 67-69 average trend 
Model A1 free market 300 million^ $15.00 67-69 average trend 
Model A2 free market 300 million^ $22.50 67-69 average trend 
Model A3 free market 300 million^ $30.00 67-69 average trend 
Model B free market 280 million^ present 67-69 average trend 
Model C annual land 
retirement 
280 2 million present 67-69 average trend 
Model D free market 325 million^ present higher advanced 
level population. 
2 D level population. 
3 B level population. 
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CHAPTER II. MODELS USED, PARAMETERS 
AND PARAMETER ESTIMATION 
There are three types of models frequently referred to 
in this study. 
(1) The programming model: A mathematical programming 
model is used as the basic tool in this study. The 
programming model is of linear construction and 
allows for interregional competition between various 
crop and livestock production activities. A detailed 
description of this model follows in this chapter. 
(2) Policy models; Seven policy models are outlined 
in Chapter I and results for these models are 
presented in Chapter III. The seven policy models 
are nothing more than variations of the basic 
linear programming model. 
(3) Other models; These models are used primarily for 
estimation and projection of parameters. Other 
models include those for crop yields, water use 
coefficients, water supplies, etc. These other 
models also are discussed in this chapter. 
Data limitations and the limited time and other resources 
available for this study precluded the use of a nonlinear 
model for the basic analysis. Also, solutions to large-
scale nonlinear models are costly relative to linear models 
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given current computer facilities and programs. Attempts 
have been made, however, to apply large-scale quadratic 
models to agricultural problems (33, 34, 94). 
Linear programming can be applied to problems with the 
following characteristics; (1) an objective, (2) alternative 
processes or activities for attaining the objective and (3) 
resource or other types of restrictions (14, p. 5; 39, p. 2). 
In this specific study, the objective is to minimize the 
cost of agricultural production in the year 2000, given the 
alternative sets of dryland and irrigated crop activities, 
livestock activities, transportation activities, land and 
water resources, domestic food demand and exports of farm 
products.^ 
The basic analysis is subject to the assumptions 
associated with all linear programming problems (unless an 
integer programming routine is available and needed). These 
assumptions, discussed by Heady and Candler, include 
additivity and linearity, divisibility, finiteness and 
single value expectations (39, pp. 17-18). 
Previous Linear Programming Studies 
A large number of linear programming models have been 
developed and applied. Leuthold and Bawden (65) have 
published a bibliography of those done before 1965. Those 
^Costs for land are not included in the objective 
function. 
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relevant to this study, however, include those done with 
Heady by Egbert (24, 25, 26, 27), Whittlesey (43, 258), Skold 
(41, 97), Brokken (7, 8), Mayer (40, 72, 74) and Eyvindson 
(29). (See Eyvindson (29) for a review of these previous 
studies). Those studies done with Heady by Egbert, Skold, 
Whittlesey and Mayer incorporate linear programming models 
to determine the optimum pattern of crop production given 
land resources. These "first" linear programming models 
have provided a basic framework for extensive farm policy 
analysis. Recent examples include (44, 68, 69, 73, 75). 
The studies done with Heady by Brokken and Eyvindson 
incorporate linear programming models to determine the 
optimum pattern of crop and livestock production. In 
addition to land resources, Eyvindson's study includes labor 
and capital restrictions and incorporates farm size groups 
on the production side. 
The Present Study 
The present study combines the advantages and insights 
of the above previous studies and, in addition, incorporates 
water resources, dryland and irrigated crop activities, 
population activities and numerous smaller modifications. 
The programming model includes 5,426 variables or activities 
and 3,220 equations including 1,650 limits or bounds on 
individual activities. Specific activities include those 
for crop production, livestock production, water supply and 
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distribution, commodity transformation, final domestic 
demands, commodity transportation and, for certain solutions, 
land retirement activities to simulate government supply 
control programs. Restrictions or restraints are provided 
by equations for land, crop and livestock commodities, water 
and intermediate products. Bounds on specific activities 
serve as restraints on land available for wild hay and 
pasture, domestic demands, export demands, import demands, 
production of certain livestock and poultry and regional 
concentration of production. 
Regions and Areas Used 
To incorporate the production possibilities, the various 
restraints, demands and the interregional aspects of the 
problem, the United States was divided into sets of producing 
areas, water supply regions and consuming regions. 
Producing areas 
The United States is partitioned into 223 producing 
areas each of which is an aggregation of contiguous counties 
(Figure 2). The producing areas can be used as the elements 
of sets of the consuming and water supply regions. The 
producing areas are compatible with the water resources 
subregions defined by the Water Resources Council (252). 
Figure 2. The 223 producing areas 
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Water supply regions 
The water supply regions are defined as the smallest 
watersheds for which surface runoff data are readily avail­
able. In the 17 Western States, 51 water supply regions are 
defined (Figure 3). Each water supply region is an aggregate 
of contiguous producing areas and each is a subset of one 
of the river basins shown in Figure 6. The water supply 
regions closely approximate those defined by the Water 
Resources Council (250), 
Consuming regions 
The consuming regions used in this study are taken from 
Hargrove (35). Based on "central place theory" the 27 
consuming regions are defined to represent regions in which 
a major market can be said to exist (Figure 4). Each 
consuming region is an aggregate of contiguous producing 
areas. 
The Programming Model 
Before the programming model is formally described, the 
variables and parameters comprising the model are defined. 
Notation 
The subscripts and symbols used to describe the model 
are as follows; 
i is a subscript denoting the producing area, 
i = 1, 2, . . .., 223; 
Figure 3, The 51 water supply regions 
Figure 4, The 27 consuming 
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j is a subscript denoting the type of endogenous 
crop or livestock activity, j = 1, 2, 25; 
k is a subscript denoting the consuming region, 
k = 1, 2, ...a, 27; 
m is a subscript denoting the water supply region, 
m —  1 ,  2 ,  # # # # ,  5 1 ;  
p is a subscript denoting the type of exogenous 
livestock activity, p = 1, 2, 5; 
q is a subscript denoting the type of commodity, 
q = 1, 2, ...., 12; 
a.. is the amount of land used by the jth crop activity 
in the ith producing area; 
b. is the per capita consumption of the qth type of 
^ commodity in the ith producing region, 
q = 1 is corn (includes sorghum in corn 
equivalent) 
q = 2 is barley (includes oats in barley 
equivalent) 
q = 3 is wheat 
q = 7 is milk (includes all dairy products) 
q = 8 is beef 
q = 9 is pork 
q = 11 is cotton lint 
q = 12 is sugar beets; 
c.. is the cost per acre or unit of activity of the 
^ jth type of crop or livestock activity in the ith 
producing area; crop costs do not include land 
taxes or a return to the land; livestock costs 
do not include certain feed costs that are derived 
internally in the programming model; 
e is the proportion of U.S. exports of the qth type 
of commodity exported historically from the kth 
consuming region^; 
TDN f^. is the amount of total digestible nutrients (TDN) 
^ consumed per unit of the jth type of livestock in 
the ith producing region; 
^Only a national export requirement is specified for 
cotton lint. 
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P f.. is the amount of protein consumed per unit of the 
^ jth type of livestock in the ith producing area; 
f.. is the amount of roughage (in hay equivalent) 
consumed per unit of the jth type of livestock 
activity in the ith producing area; 
fk__ is the amount of the qth type of crop commodity 
^ consumed by the pth type of exogenous livestock 
in the kth consuming region, 
q = 1 is corn (includes sorghum in corn 
equivalent) 
q = 2 is barley (includes oats in barley 
equivalent) 
q = 3 is wheat 
q = 4 is soybean oilmeal (includes cottonseed 
oilmeal) 
q = 5 is hay (includes all pastures) 
q = 6 is silage (includes corn and sorghum); 
n, is the proportion of the qth type of livestock 
commodity imported into the kth consuming region 
based on the relative distribution of U.S. 
population in the year 2000; 
B p is the cost of water per acre foot consumed in 
the mth water supply region; 
T 
p , is the difference between the cost of water per 
acre foot consumed in the m'th and mth water 
supply region; this cost is defined only for those 
water supply regions joined by the natural flows 
of water; 
r.. is the amount of the acreage quota, Q^, used by 
the jth type of crop activity (wheat and feed 
grains only) in the ith producing area; 
TDN 
t, . is the amount of total digestible nutrients (TDN) 
per unit of the qth type of commodity transformed 
into feed to be used by the jth type of livestock 
activity in the kth consuming region; 
P 
t^. is the amount of protein per unit of the qth type 
of commodity transformed into feed to be used by 
the jth type of livestock activity in the kth 
consuming region; 
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t^. is the amount of roughage (in hay equivalents) 
per unit of the qth type of commodity transformed 
into feed to be used by the jth type of livestock 
activity in the kth consuming region; 
w.. is the amount of water consumed per unit of the 
jth type of crop or livestock activity in the ith 
producing area; 
w is the amount of water consumed by the pth type of 
exogenous livestock activity in the mth water 
supply region; 
w.^ is the per capita consumption of water for munici-
^ pal, industrial, recreation and thermal electric 
power uses in the ith producing area; 
y.. is the yield per acre or per unit of activity of 
the jth type of crop or livestock activity in the 
ith producing area; 
z , ,, is the cost of transporting a unit of the qth 
^ type of commodity from the k'th consuming region 
to the kth consuming region, where the k'th and 
kth regions must be contiguous, except in the 
special case of certain long-haul routes; 
E is the national export activity for the qth type 
^ of commodity, 
q = 1 is corn (includes sorghum in corn 
equivalent) 
q = 2 is barley (includes oats in barley 
equivalent) 
q = 3 is wheat 
q = 4 is soybean oilmeal (includes cottonseed 
oilmeal) 
q = 11 is cotton lint; 
E is the national level of exports (lower bound) 
^ of the qth type of commodity; 
F%jq is the amount of the qth type of commodity 
transformed into feed (TDN, protein and roughage) 
for use by the jth type of livestock activity in 
the kth consuming region. 
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q = 1 is corn (includes sorghum in corn 
equivalent) 
q = 2 is barley (includes oats in barley 
equivalent) 
q = 3 is wheat 
q = 4 is soybean oilmeal (includes cottonseed 
oilmeal) 
q = 5 is hay (includes all pastures) 
q = 6 is silage (includes corn and sorghum); 
G is the national activity for the pth type of 
P exogenous livestock, 
p = 1 is turkeys 
p = 2 is eggs 
p = 3 is lamb and mutton 
p = 4 is broilers 
p = 5 is other livestock; 
G is the national level (lower bound) of the pth 
P type of exogenous livestock (includes exports and 
imports); 
I is the national import activity for the qth type 
of commodity, 
q = 7 is milk (includes all dairy products) 
q = 8 is beef 
q = 9 is pork; 
Y is the national level of imports (upper bound) of 
^ the qth type of commodity; 
N- is the population-industry activity in the ith 1 producing area; 
is the lower bound or level of population in the 
ith producing area; 
X.. is the level of the jth type of crop^ or livestock 
activity in the ith producing area, 
j = 1 for the dryland corn grain-oats-corn 
silage activity 
j = 2 for the dryland sorghum grain and 
silage activity 
j = 3 for the dryland soybean activity 
^Crops 1-14 are designated as annual crops in this study. 
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j = 4 for the dryland wheat activity 
j = 5 for the dryland barley activity 
j = 6 for the dryland cotton activity 
j = 7 for the dryland sugar beet activity 
j = 8 for the irrigated corn grain-oats-corn 
silage activity 
j = 9 for the irrigated sorghum grain and 
silage activity 
j = 10 for the irrigated soybean activity 
j = 11 for the irrigated wheat activity 
j = 12 for the irrigated barley activity 
j = 13 for the irrigated cotton activity 
j = 14 for the irrigated sugar beet activity 
j = 15 for the irrigated tame hay activity 
j = 16 for the dryland tame hay activity 
j = 17 for the dryland cropland-improved 
pasture activity 
j = 18 for the irrigated cropland-improved 
pasture activity 
j = 19 for the dryland unimproved permanent 
pasture-woodland pasture-public grazing 
lands activity 
j = 20 for the dryland wild hay activity 
j = 21 for the irrigated wild hay activity 
j = 22 for the dairy cow production activity 
j = 23 for the beef feeding activity 
j = 24 for the beef cow production activity 
j = 25 for the pork production (hog) activity; 
T is the amount transported of the qth type of 
commodity from the k'th consuming region to the 
kth consuming region, where the k'th and kth 
regions must be contiguous, except in the special 
case of certain long-haul routes, 
q = 1 is corn (includes sorghum in corn 
equivalent) 
q = 2 is barley (includes oats in barley 
equivalent) 
q = 3 is wheat 
q = 4 is soybean oilmeal (includes cottonseed 
meal) 
q = 7 is milk (includes all dairy products) 
q = 8 is beef 
q = 9 is pork 
q = 10 is feeders; 
B 
is the acre feet of water bought for consumptive 
uses in the mth water supply region; 
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T 
W , is the acre feet of water transferred by natural 
flows from the m'th water supply region to the 
mth water supply region; 
W^, is the acre feet of water transported by inter-
^ ^  basin transfer projects from the m'th water 
supply region to the mth water supply region; 
m 
W_ is the acre feet of water consumed by other uses 
for water including fish and wildlife, wetlands, 
swamps and in some special cases mining in the 
mth water supply region; 
is the acre feet of water exported to regions 
outside the 17 Western States from the mth water 
supply region; 
m 
is the acres of cropland available for annual 
Ci 
Ti 
CPi 
m 
crops production in the ith producing area; 
L . is the acres of total land (crop and hayland) 
^ available for annual crops and tame hay production 
in the ith producing area; 
L^. is the acres of irrigated cropland available for 
irrigated annual crops production in the ith 
producing area; 
L^. is the acres of irrigated total land available 
for irrigated annual crops and irrigated tame hay 
production in the ith producing area; 
. is the acres of land available for dryland crop­
land-improved pasture production in the ith 
producing area; 
L . is the acres of land available for irrigated crop-
land-improved pasture production in the ith 
producing area; 
L . is the acres of land available for dryland 
unimproved pasture, woodland pasture and public 
grazing lands pasture production in the ith 
producing area; 
D 
L^. is the acres of land available for dryland wild 
hay production in the ith producing area; 
is the acre feet of water consumed by fruits, nuts, 
rice and vegetables in the mth water supply region; 
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% 
f. . is the acres of land available for irrigated wild 
hay production in the ith producing area; 
Q. is the acres of acreage quota available, in the 
^ annual land retirement policy model, for annual 
crops production (wheat and feed grains only) 
in the ith producing area; 
C. is the harvested acreage of cotton in 1964 in 
^ the ith producing area (220); 
S. is the harvested acreage of sugar beets in 1964 
^ in the ith producing area (220) multiplied by 
two; 
R. is the acres retired, in the annual land retirement 
^ policy model, in the ith producing area; 
R . is the minimum (lower limit) acreage retired, in 
^ the annual land retirement policy model, in the 
ith producing area; and 
Z is the total production and transportation cost 
of satisfying the total domestic and export demands 
of the commodities and products included in this 
study. 
Algebraic description of the programming model 
The objective for the programming model used 
in the basic analysis is to minimize the cost of meeting 
domestic food and fiber demands and exports given water and 
land resources. Considering only activities with nonzero 
costs, the objective function is to minimize; 
25 223 Sir a = 51 "I 
' - ill "m'mj 
m^m' 
27 27 8 
" k=l k'=l q=l V'k 
k/k' 
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The objective function is subject to the following land 
and acreage restraints in the ith producing area; 
(1) cropland 
14 
T: a.^ X,, ^  L 
j i:l ii Ci 
(2) total land 
16 
- Si 
(3) irrigated cropland 
14 I 
3^8 ' 'ci 
(4) irrigated total land 
15 
S 
j=8 = "ii ® 4i 
(5) dryland wild hayland 
= .D 
i20 i20 
(5) irrigated wild hayland 
^i21 *i21 " \i 
(7) dryland cropland and improved pasture land 
®il7 *il7 - ^ CPi 
(8) irrigated cropland and improved pasture land 
^il8 *il8 ~ ^ CPi 
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(9) dryland unimproved pasture, woodland pasture and 
public grazing lands 
^il9 *il9 " ^ Oi 
(10) agronomic restraint for soybeans 
Xi3 g .5L^. 
^ilO ~ "S^ci 
(11) population restraint 
N. s N. . 
1 1 
For the policy model (Model C) that simulates the annual 
land retirement program, the following additional restraints 
are imposed; 
(1' ) cropland, 
Ï1 a. . X. . + R. ~ L . 
1] 1] 1 Cx 
(12) acreage quota restraint for Wheat and feed grains 
12 
jEi 'ii *ii - Oi 
j^3,6,7,10 
(13) acreage restraint for cotton 
Xi6 + =113 3 C. 
(14) acreage restraint for sugar beets 
+ Xil4 -
50 
(15) land retirement minimum and maximum 
\ 
\ - -S^Ti 
The objective function is subject to the following 
restraint in water supply region m; 
1 (16) water restraint' 
B 
W 
m 
51 r T T 
+ r w , - w , 
L m'm mm' 
+ W^. - . 
m'm mm' 
-
m 
25 
' ' il Lj=8 "1 ^ 
— Z w G = 0 
J p=l P 
j5^15,17,19,20 
The objective function is subject to the following types 
of restraints in consuming region k; 
(17) for the qth crop commodity^ 
S 
iek 
25 
- Z F, . - e, E 
j=22 ^39 kq q 
- pSi ^kpq ("p + k .El kk'k " Vk] ~ ° q—1•• • a/ 6 
(18) for the qth livestock commodity' 
^On the water transfer activities (W^, , wF , W^, , ,) 
m'm mm' m'm mm' 
the first subscript represents the origin and the second 
subscript the destination of the water. 
2 On the commodity transportation activities ) 
the first subscript represents the origin and the 
second subscript the destination of the commodity. 
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r " 
s s Yii 
iek|_j=22 ] ^ij - ^ iq ^kq Iq 
k'=ll[^9k'k '^qkk'] ^  ° 
(19) TDN requirement for the jth type of livestock 
I <» ' w  - • "  •  "  
(20) protein requirement for the jth type of livestock 
q=l ^kjq ^ kjq " ^j \j " ° 
(21) roughage requirement for beef cows 
q=5 *t24q \24q ~ ^124 *i24 " ° 
(22) roughage requirement for dairy cows and beef feeding 
q=5 " iek ° 
Finally, the objective function is subject to the 
following national restraints; 
(23) national restraint for cotton 
150 ±DU p 
i!i L'i i6 ^ i6 ^il3 *il3 ^ill **i 
(24) national restraint for sugar beets 
150 
5 0 
ibO r 
i=x i7 ^i7 "*• ^114 *114 - ^ 12 "i] -
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(25) 
(25) 
(27) 
(28) 
The optimal solution to the set of equations just defined 
provides the set of activities among all possible sets that 
will minimize the total cost of production given specified 
conditions and restraints. In addition, shadow prices are 
provided for resources, intermediate and final products and 
for activities at the limit level (lower, upper or fixed). 
Production variables 
The programming model provides the following information 
related to the optimal pattern of production: 
(1) the type and amounts of crop and livestock 
production in each of the 223 producing areas; 
for the pth exogenous type of livestock 
for exports of the qth type of commodity 
E & Ë q q 
for imports of the qth type of commodity 
The following non-negativity constraints also 
must hold: 
^kjq' V'k' "I'm- "m'm" ° 
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(2) the spatial movement of some intermediate and final 
products included in the study; 
(3) the kinds and amounts of each type of crop commodity 
used for feed for each type of livestock; 
(4) the kind and amounts of each type of pasture used 
for livestock production; 
(5) the amount of the water supply consumed and left 
unused in each of the 51 water supply regions; 
(6) the amounts and types of land used and left unused 
in each of the 223 producing areas; 
(7) the amounts of water used for interbasin transfers 
in water supply regions with potential transfers; and 
(8) the amounts of water used from natural stream flows 
in each of the water supply regions linked by major 
streams and rivers. 
Shadow prices 
A valuable by-product of the optimal solution is a set 
of shadow prices for the products and resources included in 
the study. Shadow prices or the dual activities are provided 
for land in each of the 223 producing areas, for water in 
each of the 51 water supply regions and for intermediate and 
final products in each of the 27 consuming regions, except 
for cotton lint and sugar beets for which only national 
shadow prices are provided. Shadow prices or the reduced 
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costs or "income penalities," also are provided for activities 
(columns) at the limit level. These latter shadow prices are 
not reported in this study. 
The shadow price for a resource is the amount by which 
the objective function (total cost) will change if the supply 
of the resource is reduced by one unit. The shadow price of 
a resource will be equal to zero unless the entire supply of 
the resource is used in the optimal solution. Shadow prices 
for resources are sometimes referred to as marginal value 
products (39, p. 85). 
The shadow price for a final or intermediate product is 
the amount by which the objective function (total cost) will 
change if the requirements of that product are reduced by one 
unit. Thus, the shadow price for a product reflects both 
production and transportation costs. These shadow prices, 
therefore, can be considered as marginal costs and, hence, 
as supply prices, if all costs are considered in the 
objective function. 
Post optimal program 
Due to the complexity of the programming model, and to 
the enormous amount of results it provides, a summary program 
was written to aggregate the results so they are comprehen­
sible. Thus, in Chapter III results are presented only for 
the river basins shown in Figure 6. More detailed results 
are available but are not included in this study. 
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Parameters and Parameter Estimation 
A large number of coefficients are required before the 
programming model can be solved. Also, each policy variation 
of the basic programming model requires a different set of 
coefficients from the other policy models. The following 
sections outline procedures used to estimate these coeffi­
cients relating to; land restraints, water supplies, water 
prices, water demands, water transfers, crop and livestock 
activities, technology, feed transfer activities, transpor­
tation activities and domestic and export demands. 
Many of the coefficients used in the basic programming 
model are taken from regional programming models previously 
developed at Iowa State University (7, 29, 40). However, the 
consideration of water supplies and water using activities in 
the present programming model necessitated new methods and 
procedures to generate most of the coefficients in the areas 
and regions where water is considered. 
Land available 
Land restraints are estimated for the six free market 
policy models and the land retirement policy model. 
Land restraints for the free market policy models 
Land restraints of four types are defined for the annual 
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crops and tame hay included in the programming modeler (1) 
cropland, (2) total land, (3) irrigated cropland and (4) 
irrigated total land. These four land restraints are 
developed as follows; First, harvested acreages for crops 
included in each of the four restraints are taken from the 
1964 Census of Agriculture (220). Then, the restraints are 
adjusted for under counting of harvested acreages reported 
in the Census when compared with the harvested acreages 
reported in Crop Production (202). Adjustments also are 
made in the four land restraints to account for land in 
retirement programs in 1964. Next, the irrigated acreages 
reported in the Census are adjusted upward to reflect acres 
brought under irrigation between 1964 and 1969 based on a 
ratio of acres irrigated by state in 1964 and 1969 as 
reported in a popular publication on irrigation (261, 262). 
Finally, these adjusted estimates of the irrigated acreages 
along with the total cropland and total land estimates are 
increased to reflect new land in potential Bureau of 
Reclamation projects that has a good chance of being 
developed and irrigated by 1980 (238). Land available for 
annual crops and tame hay production in 2000 is summarized 
in Tables 6 and 7. 
^The annual crops included in the programming model are 
corn for grain, corn silage, sorghum for grain, sorghum silage, 
sorghum forage, wheat, oats, barley, soybeans, cotton and 
sugar beets. Tame hay includes alfalfa and alfalfa mixtures, 
clover and timothy, lespedeza, small grain hay, grass silages 
and other hay. 
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Table 5. Land available in the United States for crops 
included in the study 
1964^ 2000 
Cropland 
Tame hay 
Wild hay 
Improved & 
cropland pasture 
Woodland & 
unimproved pasture 
Public grazing lands 
Total 
(000 acres) 
264,018 264,111 
57,067 58,007 
10,347 10,347 
93,437 
533,230 
291,384 
1,249,483 
121,551 
526,418 
291,384 
1,271,818 
Source: (202, 220) 
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Table 7. Land available for irrigation in the 17 Western 
States for crops included in the study 
1964 2000 
(000 acres) 
Cropland 
Tame hay 
Wild hay 
Improved & 
cropland pasture 
•Other^ 
Total 
14,129 
6,734 
1,355 
5,093 
4,572 
31,883 
18,557 
7,442 
1,355 
5,093 
5,092 
37,539 
Source: (220). 
^Includes fruits, nuts, vegetables, rice and field seed 
crops for which water is allocated in 2000. 
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Land used for pasture and wild hay is not included in 
the above four land restraints. Given the structure of the 
programming model, pasture cannot substitute entirely for 
hay since pasture does not use land from any of the four 
land restraints. Therefore, two pasture land restraints 
are defined in all producing areas and a third restraint on 
the acres of irrigated pasture is defined for each producing 
area included in a water supply region. The first two types 
of pasture restraints reflect the different kinds of pastures 
(i.e., cropland and improved pasture versus unimproved and 
woodland pastures and public grazing lands), They are 
developed from projections by Heady and Mayer (40) and the 
acres of each type of pasture as reported in the 1964 Census 
of Agriculture (220). The third restraint, defined only for 
producing areas included in a water supply region, reflects 
the acres of pasture irrigated in 1964 (220). Thus, the 
dryland and irrigated pasture production activities are 
bounded at a maximum level equal to these three determined 
restraints. 
Wild hay activities also do not use land from any of the 
four land restraints. The activities for dryland and irrigated 
wild hay are restrained by upper bounds determined from the 
1964 Census of Agriculture (220). Land available in the 
programming model for dryland and irrigated pasture and wild 
hay production is given in Tables 6 and 7. 
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In summary, land available for each of the crops in the 
year 2000 is assumed to equal the maximum acreage harvested 
in past years, including land in retirement programs. Crops 
not included in this study are assumed to have a land base 
equal to that occupied in past years. The cropland and 
hayland base in 2000 is nearly the same as 1964, but the 
total land base, including all pasture and wild hay, is 
slightly higher (Table 6). Most of the increase in the total 
land base comes from improved and cropland pasture which is 
projected to increase from 93.4 million acres in 1954 to 
121.6 million acres in 2000. Woodland and unimproved pasture 
are projected to decrease 7.0 million acres due to reseeding, 
brushing or other pasture improvement practices resulting in 
the pasture being classed as improved by the year 2000 (40). 
Land restraints for the land retirement policy model 
To simulate the annual land retirement programs used during 
the 1961-71 decade, land restraints, in addition to those 
just defined, are required. Under the annual supply control 
program, land retirement is on a partial-farm basis and 
acreage restrictions are placed on wheat, feed grains, 
cotton and sugar beets in each producing area. 
In this policy model, a minimum amount of land is 
retired in each producing area equal to 75 percent of the 
actual 1969 level (140, 142). A maximum land retirement of 
50 percent of the total land base in any producing area is 
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allowed. In addition, the total wheat and feed grains acre­
age is restricted in each producing area to 112 percent of 
the 1964 level (220).^ 
The cotton and sugar beet programs are simulated by 
using upper bounds on the production activities in producing 
areas where these activities are defined. The upper limit on 
cotton acreage is set equal to the actual acreage reported 
in the 1964 Census of Agriculture (220). The upper bound on 
sugar beet acreage is equal to twice the 1964 acreages as 
reported in the Census of Agriculture (220). The upper bound 
on sugar beet acreage is adjusted in certain areas to account 
for rapid acreage increases from 1965-69 (141). 
Water supplies 
The water supply in this study is measured by surface 
runoff, except in sea coast regions where desalination is 
Note that the structure of the land restraints used for 
this policy model does not allow (a) hay to be grown on crop­
land or (b) more than one-half of the available cropland in 
an area to remain unused, (See Equations 1' and 15 in "the 
programming model" section of this chapter). In other words, 
at least one-half of the available cropland in an area must 
be used for annual crops production. 
Disadvantages of this type of structure are that farmers 
must farm part of their land even if it is unprofitable and 
they cannot substitute hay on cropland even if it is more 
profitable than annual crops. The advantage of this 
particular structure is that it most closely approximates 
the actual pattern of land retirement during the 1961-71 
decade. 
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allowed. Provisions also are made for exports of water to 
Canada and Mexico, for interbasin transfers of water and for 
natural stream flows. 
Mining of underground water supplies is not allowed in 
the programming model. Many of the closed underground water 
supplies will be depleted by the year 2000 (51) and the 
amount of water available on a continuous basis from others 
is not known with any degree of accuracy. The mean annual 
runoff, however, includes some unknown amount of water which 
eventually leaves the surface runoff channels and enters 
underground streams and acquifers. This "potential" under­
ground water should be included in the surface runoff and, 
therefore, included in the water supply. Given this condition, 
inclusion of certain underground supplies would lead to double 
counting. On the other hand, some underground movement of 
water never appears as surface runoff (260) which means the 
potential water supply is understated in some regions, in 
the long run, however, most ground water cannot be continu­
ously mined and this is the primary purpose for excluding it 
from the study. 
The water supply in each of the 51 water supply regions 
is a function of the total reservoir storage and the mean 
annual runoff in the region (Table 8). These supplies are 
calculated as follows ; First, the total storage capacity of 
reservoirs in each water supply region is determined by 
Table 8. Mean annual runoff, total reservoir storage and estimated water supply 
in 2000 in the 51 water supply regions 
Region 
Mean 
annual 
runoff^ 
Total 
reservoir 
storage 
Estimated 
net water 
supply Region 
Mean 
annual 
runoff! 
Total 
reservoir 
storage 
Estimated 
net water 
supply 
(million acre feet per year) 
1 39.20 4.80 12.18 27 2.36 4.63 1.9I2 
2 60.40 0.72 37.56 28 5.59 2.61 3.06. 
3 14.87 1.26 3.45 29 3.78 14.88 3.022 
4 27.60 1.83 5.25, 30 10.00 1.76 3.36. 
5 7.53 12.20 7.00^ 31 2.73 4.92 2.18% 
6 3.25 1.13 1.86 32 1.87 2.01 1.41 
7 11.16 0.98 2.66 33 3.21 37.33 2.572 
8 0.99 0.33 0.58 34 2.34 7.38 1.872 
9 29.55 9.94 16.61 35 3.98 0.18 0.49 
10 23.05 0.44 13.18 36 5.75 3.37 2.74 
11 7.94 4.65 6.30 37 3.82 0.15 0.50 
12 9.73 5.38 7.56 38 5.53 3.23 2.69 
13 29.00 1.77 10.73^ 39 12.02 4.23 4.71 
14 2.99 3.67 2.583 40 4.68 1.85 1.54 
15 2.46 2.71 1.81 41 7.43 4.41 2.94 
16 1.23 1.48 0.49 42 0.04 0.00 0.01 
17 33.83 28.88 23.36 43 6.92 1.76 1.80 
18 V 3.36 1.37 0.73 44 20.30 6.83 6.28 
19 1.05 0.41 0.54 45 31.36 5.73 5.83 
20 0.13 0.00 0.01 46 20.32 6.37 5.99 
21 1.39 0.47 0.68 47 3.06 4.54 2.262 
22 4.03 2.08 2.30 48 2.44 7.27 1.8I2 
23 5.54 5.37 4.333 49 0.09 0.00 0.01 
24 6.78 2.06 3.29 50 13.56 13.35 5.90 
25 2.73 22.81 2.2I2 51 30.10 6.36 6.30 
26 1.21 19.00 0.982 Total 534.28 280.89 239.41 
^Source: (250, part 6). 
^Maximum regulated flow possible. 
^Near maximum regulated flow. 
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adding the active conservation and joint use capacities^ for 
storage dams in the region as obtained from the Bureau of 
Reclamation^, the Army Corps of Engineers (101, 102, 103, 104, 
105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 
117, 118, 119, 120, 121) and a survey of reservoirs in the 
United States in 1963 (70), Second, the mean annual runoffs 
reported in Table 8 are determined from The Nation's Water 
Resources (260), Then, using the relationships between 
reservoir storage and mean annual flow (Table 9) developed by 
Lof and Hardison (67), the net water supply as a proportion 
of the mean annual runoff is determined. Since the work by 
Lof and Hardison is available only for major river basins, 
it is assumed that all water supply regions in a major river 
basin have the same relationship between the gross water 
supply and total reservoir storage. 
The gross water supply in each water supply region is 
determined by interpolating between the points reported in 
Table 9. Water supplies are first calculated for all water 
supply regions in this manner and then the gross water 
^Active conservation capacity is water storage available 
for irrigation, municipal and industrial uses, power, fish 
and wildlife or other direct uses. The joint use capacity 
includes that storage area of the reservoir allocated to 
flood control during part of the year and to active 
conservation for the remainder of the year. 
2 
Unpublished data obtained through private communication 
with D. W. Davis, U.S. Department of the Interior, Bureau 
of Reclamation, Denver, Colorado, March 1971. 
Table 9. Storage to mean annual flow ratios to make the indicated percent mean 
annual flow available with 95 percent probability of adequacy 
Percent gross mean annual flow available 
Maximum 
net. 
River basin 10 20 30 40 50 60 70 80 90 95 flow^ 
Upper Missouri 0. 035 0. 075 0. 138 0. 225 0. 349 0. 522 0. 725 0. 988 1. 750 - 0.80 
Lower Missouri 0, 085 0. 160 0. 235 0. 355 0. 542 0. 822 1. 215 1. 740 3. 250 - 0.78 
Upper Ark.-
White-Red 0. 005 0. 130 0. 269 0. 438 0. 676 1. 000 1. 444 - - - 0.48 
Lower Ark.-
White-Red 0. 100 0. 190 0. 305 0. 455 0. 590 0. 762 1. 015 1. 475 2. 370 - 0.79 
Western Gulf 0. 100 0. 150 0. 379 0. 589 0. 920 1. 300 1. 900 2. 920 - - 0.50 
Upper Rio 
Grande 
& Pecos 0. 025 0. 070 0. 115 0. 175 0. 260 0. 400 0. 580 0. 840 1. 500 - 0.74 
Colorado 0. 030 0. 075 0. 125 0. 200 0. 300 0. 420 0. 571 0. 775 1. 278 2 .680 0.81 
Great Basin 0. 020 0. 050 0. 095 0. 181 0. 312 0. 481 0. 730 1. 152 1. 925 3 .695 0.70 
Pacific N.W. 0. 030 0. 070 0. 115 0. 175 0. 260 0. 374 0. 449 0. 574 0. 900 1 .622 0.93 
Central Pac. 0. 075 0. 139 0. 205 0. 274 0. 391 0. 562 0. 850 1. 350 3. 050 - 0.88 
South Pac. 0. 100 0. 283 0. 545 0. 838 1. 263 1. 820 2. 660 - - - 0.44 
^Source; (67). These numbers represent the maximum net flow in percent of 
the mean annual flow that can be made available for consumption through surface 
storage. If storage is developed to retain a large percent of the mean annual 
flow, evaporation will result in a decrease in net flow. 
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supplies are adjusted for reservoir evaporation, also based 
on the work by Lof and Hardison (67), giving a net water 
supply in each of the water supply regions (Table 8). 
The relationship between reservoir storage and percent 
of the mean annual runoff available for use, given in Table 
9, is shown graphically for the Colorado River Basin in 
Figure 5. For example, using the higher curve and given a 
ratio of total storage to mean annual runoff equal to 1.003, 
the gross water supply would equal 0.85 multiplied by the 
mean annual flow. From the lower curve, the net water supply 
would equal 0.79 multiplied by the mean annual flow. 
Water demand 
Demand for water depends on (1) intake uses, (2) onsite 
uses and (3) flow uses. Intake uses include water for 
irrigation, livestock, municipal and industrial uses, rural 
domestic, mining and thermal electric power, Onsite uses 
include water for swamps, wetlands, reservoir evaporation, 
recreation and fish and wildlife. Flow uses include water 
for estuaries, navigation, waste dilution, stream channel 
losses and also some fish and wildlife and recreation (250, 
p. 8) . 
Water, during the course of its use, is both withdrawn 
and consumed. Water withdrawn is water taken from its source 
some of which is returned later for further use. Water 
consumed is water that is lost to the atmosphere either 
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Figure 5. Storage and flow in the Colorado River Basin 
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through evaporation and transpiration or is incorporated into 
a product. In this study, water lost through deep percolation 
also is considered to be consumed. All water consumed is lost 
and cannot be reused. For example, most of the water with­
drawn for cooling purposes in a thermal electric plant is 
later returned to its source for further use. Only a small 
amount of the water withdrawn for cooling is consumed. 
Reservoir evaporation is an example of water consumption. 
Water consumption is the important indicator of water 
demand. Water withdrawals cannot be used as the true 
indicator because some of the water withdrawn can be reused, 
although not always near the point where it is withdrawn. 
Therefore, although both withdrawals and consumption of water 
are estimated in this study, only water consumed takes from 
the supply of water or is used to determine water shortages, 
scarcities or surpluses. To incorporate water demand into 
the programming model requires estimates of water use 
coefficients for most of the above demands. 
Intake uses Water consumption coefficients are 
estimated for each irrigated crop activity in the programming 
model to reflect water needed for plant growth in addition 
to that provided from precipitation (4, 19, 28, 46, 89, 91, 
99, 235, 237, 254). Withdrawal coefficients also are 
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calculated to indicate the diversion requirements needed to 
supply the water consumed. Gross delivery requirements, 
GDR^j, in producing area i for crop j are 
CU.. - EP. 
®°^ij "(IE.) (CE.) 
i = 1,...,124 
j = 1,...,33 
where 
CU.. is the acre feet of water required by the jth crop 
in the ith producing area; 
EP. is the effective precipitation in the ith producing 
^ area or the water available after rainfall is 
adjusted for evaporation and deep percolation; 
IE. is the irrigation efficiency of the jth crop or 
i the efficiency of the crops in using the water 
applied (Table 10) and is affected by plant 
density and the ability of plants to retain water 
in the ground for use; and 
CE. is the canal efficiency in the ith producing area 
^ or efficiency of the delivery system between the 
reservoir or diversion point and the farm delivery 
gate. It is calculated for each area from data 
on Bureau of Reclamation projects (237). 
The net diversion requirements, NDR^^, or water 
consumption coefficients for each of the irrigated crop 
activities are calculated as 
The 11 annual crops and 6 hays defined in footnote 1 
page 56 plus wild hay and pasture plus the 14 specialty 
crops defined in footnote 1 page 70. 
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Table 10. Irrigation efficiencies of selected crops^ 
Crop Efficiency of irrigation 
Alfalfa 75 
Clover 50 
Pasture 70 
Grains and silage 70 
Cotton 70 
Vegetables 65 
Rice 65 
Sugar beets 65 
Citrus and nuts 75 
Subtropical fruits and vines 75 
^Source; (89). 
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NDR.. = eu.. - EP. + (1-RF) [GDR.. - (eU.. - EP )] . 
13 1] 1 1] 1] 1 
= eiR. + (l-RF) [GDR.. - eiR..] 
j J ^ J 
i = 1 124 
j = 1 33 
where 
GDR.., eu.. and EP. are defined above; 
13 1] 1 
eiR.. is the crop irrigation requirement of the jth 
crop in the ith producing area; 
RF is the return flow or the proportion of the water 
delivered that is not consumed and is returned 
for reuse in the region. The return flow is 
assumed to be 55 percent in all river basins 
except the eolumbia-North Pacific where 60 per­
cent is used (245); and 
GDR.. - (eu.. - EP.) is the water diverted but not 
^ directly consumed by crops. 
The water coefficients (NDR) for hays and pasture are 
adjusted to account for water needed by the seed crops. 
Fruits, nuts, rice and vegetables are treated as 
exogenous in the programming model. An activity is defined, 
however, to account for projected water requirements of 
these specialty crops in the year 2000.^ The procedure 
followed is: First, demands in 2000 are estimated based on 
1 
The specialty crops included in this study are potatoes, 
rice, tomatoes, lettuce, sweet corn, carrots, onions, melons, 
cabbage, other vegetables, lemons, grapes, citrus and 
deciduous fruits and nuts. 
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a study by Dean, King, Carter and Shumway (22). This study 
(22) provides projections of acreages, yields and production 
levels of the specialty crops for California and production 
for the United States in 2000. Then, given the U.S. 
production and the share contributed by California, the 
remaining production of each crop is allocated to the other 
western states based on each state's average share of U.S. 
production from 1967-59 (126). Next, the average yields of 
the specialty crops in 2000 in these other states are 
estimated by increasing the average 1959 and 1964 yields in 
each state by the increase projected for California over the 
period 1963-2000 (22, 122, 126). Then, the projected 
productions in each state are divided by the projected yields 
to get projected total acreages of each of the specialty 
crops. These projected state acreages are then adjusted to 
get estimates of state irrigated acreages which are further 
adjusted to account for acreages of nonbearing fruits, nuts 
and vegetables (22, 220). Next, these adjusted state 
irrigated acreages are allocated to the individual producing 
areas (220). (This study assumes that increased acreages of 
the specialty crops in 2000 will not reduce the land available 
for the endogenous crops in the programming model). Finally, 
the projected irrigated acreages are multiplied by the unit 
water coefficients outlined above to get total water with­
drawals and consumption. Water consumed by the specialty 
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crops under C level population is shown in Table 11 for the 
51 water supply regions. Under D level population, the 
amounts consumed are 7 percent less and under B level 
population 8 percent more. See (45, Appendix A) for the 
detailed models used to estimate water needed for the 
specialty crops. 
Livestock water use coefficients are taken from (15, 
82, 128). For livestock, withdrawals are assumed to equal 
consumption and consumption is assumed to be the same for 
all counties in a state. 
To allow water consumption to vary with the location and 
level of population, other (nonagricultural) intake uses are 
estimated on a per capita basis. Water withdrawal and 
consumption coefficients for municipal and industrial uses, 
rural domestic, thermal electric power and recreation are 
taken from (12, 17, 18, 76, 77, 78, 82, 86, 87, 88, 89, 90, 
91, 247, 248, 249, 254, 255). Water used for recreation is 
included in the per capita figure, although it is normally 
included in onsite and flow demands. 
Onsite uses Onsite uses include water for swamps, 
wetlands, reservoir evaporation, recreation and fish and 
wildlife. In this study water used for recreation is included 
with intake uses. Also, the water supply, as discussed in 
the "water supplies" section, already includes an adjustment 
for reservoir evaporation. Estimates of water for the 
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Table 11. Water consumed by the specialty crops^ under C 
level population in the 51 water supply regions 
in 2000 
Region Acre feet Region Acre feet 
(000) 
1 14.20 
2 1.37 
3 6.59 
4 99,47 
5 295.65 
6 304.43 
7 115.84 
8 0.03 
9 14.91 
10 13.41 
11 151.26 
12 606.76 
13 60.86 
14 311.00 
15 516.39 
16 938.97 
17 6,028.55 
18 2,204.68 
19 0.00 
20 0.00 
21 0.00 
22 50.48 
23 1.40 
24 4.25 
25 5.23 
26 182.40 
(000) 
27 212.09 
28 6.46 
29 0.52 
30 0.93 
31 10.03 
32 61.85 
33 5.21 
34 0.00 
35 3.38 
36 1.18 
37 0.03 
38 0.00 
39 0.03 
40 20.63 
41 0.90 
42 16.75 
43 4.02 
44 0.73 
45 6.42 
46 0.12 
47 130.40 
48 213.82 
49 25.47 
50 1,004.96 
51 1,232.78 
Total 14,886.84 
The specialty crops include potatoes, rice, tomatoes, 
lettuce, sweet corn, carrots, onions, melons, cabbage, other 
vegetables, lemons, grapes, citrus fruits and deciduous 
fruits and nuts. 
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remaining onsite uses in 2000 are taken from (12, 17, 18, 
76, 77, 78, 82, 86, 87, 88, 89, 90, 91, 247, 248, 249, 254, 
255). Since current surface runoff data already accounts 
for present swamps, wetlands, etc., only additional onsite 
water consumption above the present is included in water 
demands for 2000. 
Flow uses Flow uses include water for estuaries, 
navigation, waste dillution, stream channel losses and some 
recreation and fish and wildlife. Estimates of water used 
for recreation and fish and wildlife are included with intake 
and onsite water demands. Also, stream channel losses are 
assumed to be accounted for in the surface runoff figures 
used. Water used for estuaries is not included in this study, 
since reliable estimates are not available. Water for 
navigation, however, is included in the water demand for 
certain areas of the Nation (247, 248, 249), 
Waste dillution flows are not included in projected 
water demands. Treatment is assumed to handle most of the 
waste problems by the year 2000. Any required waste 
dillution flows are assumed to be satisfied by municipal and 
industrial water withdrawals and waste water reclamation. 
Water prices 
Water costs are included in the programming model to (1) 
reflect present water costs in agriculture and (2) determine 
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points on the agricultural demand curve for water and, 
consequently, initial estimates of water that could be 
released from agriculture for nonfarm uses. 
Present water prices are used in the four basic policy 
models analyzed (Models A, B, C and D). In these policy 
models, the price per acre foot of water in water supply 
region j, P^, is a weighted average of present water costs 
to farmers in Bureau of Reclamation irrigation projects 
(239) or 
P. = r (CA./AF. ) (WD. )/ t WD. 
3 is] 111 iej 1 
i = 1,.,,,116 
j = 1 51 
where 
CA. is the cost of water per acre to farmers in the 
^ ith project; 
AF. is the acre feet of water delivered per acre to 
^ farmers in the ith project; and 
WD. is the total acre feet of water delivered to all 
^ farmers in the ith project. 
If Bureau of Reclamation data are not available for a 
region, the water price in the most immediate upstream region 
is used. These estimated water prices are adjusted to account 
for farm waste and deep percolation and to get costs per acre 
foot of water consumed (Table 12). No correction is required 
for canal losses since the deliveries, WD^, are measured at 
the farm. 
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Table 12. Present prices paid by farmers for water in the 51 
water supply regions^ 
Region 
Dollars per 
acre foot Region 
Dollars per 
acre foot 
1 2.04 27 8.65 
2 4.01 28 2.30 
3 2.29 29 5.13 
4 2.29 30 2.13 
5 2.94 31 2.52 
6 2.04 32 10.74 
7 2.29 33 3.06 
8 2.51 34 2.67 
9 2.63 35 8.85 
10 2.05 36 6.10 
11 1.83 37 3.05 
12 2.73 38 3.06 
13 1.91 39 6.10 
14 5.88 40 6.10 
15 30.28 41 4.22 
16 57.96 42 4.22 
17 8.32 43 11.58 
18 3.05 44 4.22 
19 2.47 45 11.58 
20 2.47 46 6.10 
21 4.13 47 2.20 
22 3.11 48 8.28 
23 1.50 49 8.28 
24 2.58 50 8.28 
25 0.85 51 8.28 
26 3.87 
^Prices include an adjustment to convert 
acre foot consumed rather than delivered. 
to cost per 
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Water transfers 
Water transfer activities are included in the programming 
model to allow (1) natural stream flows, (2) interbasin 
transfers, (3) water exports to Mexico and Canada and (4) 
water augmenting and desalination in selected regions. 
For water supply regions linked by natural channels, 
activities are defined to allow surplus water to be used in 
downstream regions. To add realism each of these activities 
is restricted to a maximum level of 70 percent of the up­
stream water supply. Costs are assigned to these natural 
flow transfers so that the upstream water price plus the 
transfer cost is greater than the price of water in the 
receiving region. No cost is assigned if water in the up­
stream region is priced higher than water in the downstream 
region. 
Existing interbasin transfers are allowed in the pro­
gramming model in selected regions (Table 13). No cost is 
assigned to these transfers since the facilities are already 
constructed. Also, prices on the water buying activities 
will prevent the transfer at zero cost. Each of these 
activities is restricted to the projected capacity of the 
project to transfer water in the year 2000 (76, 77, 78, 91, 
254, 255). 
Water export activities are defined for exports to 
Mexico, the Souris-Red Rainy river basin and Canada. The 
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Table 13. Interbasin water transfers included in the study 
and the maximum amount of water transferred in 
2000 
Project Maximum water transferred 
(millions of acre feet) 
Colorado - Big Thompson Project .337 
Boulder Canyon Project 4.400 
Platte - Niobrara subbasin to 
Kansas River subbasin .190 
Canadian River subbasin to 
Colorado River subbasin .051 
Central Arizona Project 1.135 
lower bound on the Mexico activity is set at 1.5 million 
acre feet in accord with the Mexican Treaty of 1944 (91) 
and the water is transferred from the Lower Colorado river 
basin. Another activity allows for the export of 1.1 
million acre feet of water annually from the Missouri river 
basin to the Souris-Red Rainy river basin via the Garrison 
diversion project (78). A third export activity is defined 
to account for the expected increased depletion of the Upper 
Milk River by Canada in the year 2000 (78). 
Desalination activities are defined for all sea coast 
water supply regions to allow for augmentation of the water 
supply. A price of $100.00 per acre foot is assigned to 
these activities which approximates the best estimates 
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available of the cost of large scale desalting schemes under 
present technologies (49). A water augmenting activity with 
a high cost is defined in the Lower Colorado river basin to 
prevent an infeasible solution in the event of a water short­
age to satisfy the exogenous water requirements projected 
for that region in 2000, 
Crop yields and costs 
This section outlines the procedures for estimating 
cost and yield parameters for the crop activities in the 
programming model. Dryland and irrigated activities are 
defined in a producing area for corn grain-oats-corn silage, 
sorghum grain-sorghum silage, wheat, soybeans, barley, cotton, 
sugar beets, tame hay, wild hay, cropland-improved pasture 
and unimproved pasture-woodland pasture-public grazing lands 
if at least one thousand acres of the individual crop was 
harvested in the area in 1964 or if the crop makes up a 
significant part of the area's production (220), 
Crop yields Consistent data for irrigated and dry­
land yield projections are available only for census years. 
Thus, the general procedure followed for all crops except 
pasture^ is to construct individual time series of dryland 
and irrigated yields based on available annual and census 
^Yields are determined for corn grain, corn silage, 
sorghum grain, sorghum silage, wheat, oats, barley, soybeans, 
alfalfa and alfalfa mixtures, clover and timothy, wild hay, 
cotton, sugar beets and other hay. 
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year data, and then use this "synthesized data" for 
yield projections to the year 2000. 
The steps followed for a single crop are (1) A fifty 
year time series of average state yields is constructed from 
(129, 130, 131, 132, 133, 135, 136, 137, 138, 143, 202, 203, 
204, 205, 206, 208, 209, 212, 213). (2) Simple linear 
regressions are run on this data using time as the 
independent variable. (3) Simple linear regressions are 
run using average state dryland and irrigated yields, reported 
in the last four Census of Agriculture (124, 216, 218, 220) , 
as dependent variables and average state yields, from step 
one, as the independent variable. (4) The regression 
coefficients from step three are used to develop individual 
16 year time series of state average dryland and irrigated 
yields. (5) The proportion of total acreage irrigated by 
state (p) is obtained from the last four Census and inter­
polated to give a series of 16 observations. Also, the 
ratios of county yield to state yield for both dryland and 
irrigated yields and the individual county dryland and 
irrigated acreages are obtained from the last four Census 
and interpolated. (6) Using the individual time series of 
irrigated and dryland yields developed in step four and the 
interpolated acreage proportions (p) from step five, a time 
series of average state yields is constructed, or 
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^st ~ ^It ^Dt 
t = 1949, 1950, ,1964 (16 years) 
is an estimate of the state average yield of the 
given crop in year t; 
is the proportion of the total acreage irrigated 
of the given crop in year t (from step five); 
is the state average irrigated yield of the given 
crop in year t (from step four); and 
is the state average dryland yield of the given 
crop in year t (from step four), 
(7) The estimated state average yields (Y ) are compared to 
I St 
the predicted state yields obtained from the regression line 
estimated in step two. If the two yields differ, a uniform 
A 
adjustment is made in both the dryland yield (Y^^) and 
irrigated yield (Y^^) to correct for the difference. The 
result is a set (time series) of adjusted state average dry­
land and irrigated yields. (8) The interpolated ratios of 
county yield to state yield developed in step five are 
multiplied by the adjusted state irrigated and dryland 
yields (step seven) to obtain estimates of county irrigated 
and dryland yields of the given crop for 16 years, 1949-1964, 
(9) The estimated county dryland and irrigated yields from 
step eight are weighted by the interpolated county acreages 
obtained in step five. The result is a time series (16 
years) of dryland yields and a time series of irrigated yields 
for the 124 producing areas in the West and a time series of 
where 
Y 
St 
P+-
A 
^It 
A 
V 
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average yields for the 99 producing areas in the East, 
(10) Simple linear regressions are run on the three time 
series from step nine using time as the independent variable. 
The resulting regression equations are then used to project 
crop yields to the year 2000, Finally, if the crop is part 
of a composite activity, such as tame hay, the individual 
projected crop yields are weighted by harvested acreages 
reported in the 1964 Census of Agriculture (220), In summary, 
the yields available from the last four Census are adjusted 
by a fifty year trend to reduce the slope of the more rapidly 
rising unadjusted 16 year trends of dryland and irrigated 
yields. See (45, Appendix B) for the detailed models used 
in the above estimation. 
Pasture yields are determined by a different procedure. 
First, the relationship between the yield of cropland pasture 
and the yield of hay is determined. Second, using the 
relationships developed by Jennings (61), the yields of the 
other pastures are determined to get yields on a hay 
equivalent (dry matter) basis. 
The yield of dryland cropland pasture (in hay equivalents) 
is assumed to be 75 percent of the tame hay yield if the tame 
hay yield is less than four tons and 70 percent of tame hay 
yield if it is more than four tons per acre. The irrigated 
cropland pasture yield is assumed to be 85 percent of the 
irrigated tame hay yield if it is less than four tons and 80 
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percent of the irrigated tame hay yield if it is more than 
four tons per acre. Heady and Mayer estimate that improved 
pasture will yield 88 percent of the yield of cropland 
pasture (40). Thus, given the yield of tame hay, the yields 
of cropland pasture and improved pasture are determined. An 
aggregate yield for the cropland-improved pasture activity is 
calculated by weighting these two component yields by the 
projected acres of each type of pasture in the producing area 
in 2000. 
The yields of unimproved permanent pasture, woodland 
pasture, and public grazing lands have not changed significant­
ly since 1949-54 (29). Hence, no change is projected to 
occur by 2000. It is assumed that the relationships between 
each of the above three kinds of pasture and cropland pasture 
as developed by Jennings in 1949 (61) will still prevail in 
the year 2000„ Given the average tame hay yield in 1949-54, 
Jennings' relationships are used to estimate the state 
average yield of unimproved permanent pasture, woodland 
pasture and public grazing lands in 2000 (in hay equivalents). 
Assuming all counties in a state have the same yield as the 
state, the yield of the "other" pasture activity in a producing 
area is an average of the estimated county yields weighted by 
the estimated acres of each kind of pasture in each county in 
2000. 
^Private communication with Dr. Frank Schaller, Department 
of Agronomy, Iowa State University, Ames, Iowa, August 1971, 
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Aftermath pasture yields (pasture from harvested grain 
and hayland) for each of the 48 states are calculated as a 
proportion of the yield of cropland pasture based on Jennings' 
work (61). First, an average yield of aftermath pasture per 
acre of cropland and hayland is calculated for each state to 
give a value to assign to each county in the state (61, 220). 
Then the county yields are weighted to the producing areas 
based on the harvested acres of annual crops and tame hay in 
each county in 1964 (220). Finally, these yields are entered 
as hay production for the annual crop activities and added to 
the yield of hay for the hay activities in each of the 223 
producing areas. 
Crop costs Costs for the 9 annual crops (corn grain, 
corn silage, sorghum grain, sorghum silage, oats, barley, 
wheat, soybeans and cotton), tame hay and wild hay are taken 
primarily from background work done by Eyvindson for his 
thesis (29). Costs for sugar beets and pasture are 
estimated by a different procedure. Crop costs consist of 
machinery costs, labor costs, fertilizer costs, pesticide 
costs and miscellaneous costs. Miscellaneous costs include 
liming, grain drying, cotton ginning and seed costs for 
cotton, sugar beets, pasture, silages and hay crops. Seed 
requirements for the other crops are subtracted from their 
projected yield. 
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Eyvindson (29) estimated costs for the individual crops 
in 157 producing areas for three farm size groups based on 
economic farm size data reported in the 1964 Census of 
Agriculture (220). Also, he weighted his individual dryland 
and irrigated activity costs to get a composite dryland-
irrigated activity cost. The procedures followed in this 
study are to (1) take his unweighted individual dryland and 
irrigated activity costs, (2) aggregate these costs to obtain 
one farm size group in each of his 157 producing areas (220), 
(3) determine county crop costs assuming that all counties in 
an Eyvindson producing area have the same cost and (4) 
reweight the individual county costs by the acreages reported 
in the 1964 Census (220) to obtain individual dryland and 
irrigated crop costs in each of the 223 producing areas 
included in this study. These estimated costs, in 1964 
prices, are then adjusted to 1970 prices and projected to the 
year 2000. Nonlabor costs per unit of output are assumed to 
remain constant between the present and 2000. However, labor 
costs per acre are adjusted downward to reflect a continuation 
of past trends. Thus, labor hours per acre for each crop by 
the year 2000 are assumed to decline by the same proportion 
as they did during the period 1948-50 to 1968-70.^ In 
^The reductions assumed in 1964 labor hours per acre by 
the year 2000 are: cotton, 65 percent; wheat, 45 percent; 
feedgrains and soybeans, 60 percent and hays and silages, 35 
percent. The adjusted labor hours then are multiplied by the 
wage rate to get labor costs (207). 
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equation form, the cost per acre of the kth type of activity 
of the ith crop in the ith producing area, C. , is defined as 
1 jk 
S.(((M. +P. +F +0., ) (Y /Y )+L ) (1+r ))A 
P _ mei ]km ]m ]km ]km 2i]k Ai]k ]km m ]km 
ijl^ S.A 
mei ]km 
i = 1, ,223 
j = 1 11 
k = 1 for dryland activities, = 2 for irrigated 
activities, = 3 for total activities 
m = 1,....,3067 
where 
M. is the machinery costs in the mth county for the 
kth type of activity for the jth crop (29) ; 
P is the pesticide and other chemical costs in the 
i'" mth county for the jth crop with the same 
application used on dryland and irrigated acres 
(29) ; 
F is the fertilizer cost in the mth county for the jkm kth type of activity for the jth crop (29, 54); 
is the miscellaneous costs in the mth county for 
the kth type of activity for the jth crop (29); 
Ajkjjj is the acres in 1964 in the mth county for the 
Kth type of activity for the jth crop (220)• 
Y is the projected yield in 2000 for the kth type 
of activity for the jth crop in the ith producing 
area (see the "crop yields and costs" section 
above); 
Y is the average of the 1959 and 1964 yields for 
the kth type of activity for the jth crop in the 
ith producing area (218, 220)• 
L., is the projected labor cost in 2000 in the mth 
^ county for the kth type of activity for the jth 
crop (29, 207); and 
88 
r is the interest rate charged in the mth county 
^ for production credit (148). 
The ratio of yields in this equation maintains a constant 
nonlabor cost per unit of output between 1964 and 2000. Thus, 
any reduction in cost per unit of output in 2000 is due to 
lower labor costs. These individual crop costs are then 
weighted by the harvested acres reported in (220) to get 
costs for the composite crop activities. See (45, Appendix 
C) for a more detailed description of the procedures used to 
develop these crop costs. 
Costs for sugar beets and pasture are developed by a 
different procedure. Sugar beet costs per acre are constructed 
from unpublished data^ and regional publications (6, 16, 98). 
These costs then are adjusted to 1970 prices, adjusted for 
projected yield increases and used as the estimate of sugar 
beet costs for the year 2000. 
Costs for cropland and improved pasture are estimated 
from preharvest costs of tame hay reported by Brokken (7). 
The pasture costs also are projected to 2000 based on the 
increase projected in yields of cropland and improved pasture 
by 2000. The costs for other pasture including unimproved 
Private communication with Rodney Paul, FPED, U.S. 
Department of Agriculture, Iowa State University, Ames, 
Iowa, July 1971. 
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permanent pasture, woodland pasture and public grazing lands 
are determined from current grazing rates on public lands 
(198, 232, 233, 234). 
Livestock coefficients 
This section outlines the procedures for estimating 
costs, outputs and feed requirements of livestock included 
in this study. Coefficients for the endogenous livestock 
(dairy, beef cows, fed beef and pork) are taken from 
Eyvindson (29). Only feed requirements are estimated for 
the exogenous livestock and poultry products (turkeys, 
broilers, eggs, lamb and mutton and other livestock 
(primarily horses and mules)). 
Endogenous livestock For each of these types of 
livestock, Eyvindson estimated output coefficients, costs 
of production^, feed requirements and labor requirements for 
three different farm size groups in each of his 157 producing 
areas. The livestock coefficients in this study are based on 
these estimates by Eyvindson. 
Livestock costs are determined as follows; First, 
estimates of average production costs and average labor 
requirements are obtained by weighting Eyvindson's estimates 
^The cost of production for a livestock activity includes 
fixed cost (taxes, interest, depreciation and insurance) on 
buildings and equipment, fixed cost on the animals, veterinary 
and medicine cost, salt and mineral cost, supply costs, 
breeding cost, power and fuel cost, marketing cost and 
pasture fertilization cost (29). 
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by the number of each type of livestock in the different farm 
size groups reported in the 1954 Census of Agriculture (220).^ 
Eyvindson defined six different methods of producing fed 
beef. However, only one activity could be used due to size 
restrictions on the programming model and data are not 
available to indicate the number of animals currently fed 
under each system. Therefore, the beef feeding activity 
that uses a high roughage ration during the early part and 
a high concentrate ration during the later part of the 
feeding period is used. All areas also are assumed to feed 
cattle in lots equivalent to those of Eyvindson's farm size 
one (larger farms) by 2000. 
Second, the average labor requirements are multiplied 
by the wage rate. This labor cost is added to the above 
production costs and the total is adjusted for the cost for 
capital to obtain estimates of the total nonfeed cost for 
each type of livestock. Finally, assuming that all counties 
in an Eyvindson producing area have the same costs, the 
county nonfeed costs are weighted to get estimates of total 
nonfeed costs for each type of livestock in each of the 223 
producing areas in this study. In equation form: 
^Before aggregation the individual production costs 
are adjusted to 1970 prices. 
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'^13 ' + y «im 
i = 1, 223 
j = 1 4 
m = 1,....,3067 
where 
PC., is the total nonfeed cost per unit of the jth 
type of livestock activity in the ith producing 
area; 
C. is the production cost in the mth county (of an 
Eyvindson area) of the jth type of livestock 
activity (29) ; 
L. is the hours of labor in the mth county required jm per unit of the jth type of livestock activity 
(29) ; 
W is the wage rate per hour in the mth county as 
m determined from state wage rates (207); 
r is the interest charge on production credit in 
^ the mth county as determined from state interest 
charges (148); and 
N. is the number of the jth type of livestock in the 
mth county in 1964 (220) . 
Nonfeed costs for the endogenous livestock are projected 
to increase proportionate to changes in output. Output 
coefficients for each type of livestock also are calculated 
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from Eyvindson (29).^ The dairy cow activity produces milk, 
feeder calves and cull dairy beef4 The beef cow activity 
produces feeder calves and cull beef. The outputs of cull 
beef and feeder calves from both dairy cows and beef cows 
are adjusted to account for calving rates and replacement 
rates. 
The hog activity produces one hundred pounds live weight 
of pork and the fed beef activity produces the pounds of 
carcass weight from one head of fed beef. Since output of 
the hog activity is one hundred pounds of live weight, 
changes in pork production efficiency are reflected by the 
feed requirements. Since output per head of fed beef has 
not changed significantly over the last ten years, no change 
is projected to occur between 1964 and 2000 (180). 
Changes by 2000 in the number of calves per dairy cow 
and beef cow and in milk per dairy cow are estimated from 
state data (122, 123, 124, 125, 126, 180). Simple linear 
regressions with time as the independent variable are run 
on 50 year time series of calves per cow and of milk per cow. 
^Eyvindson's estimates for the three farm size groups 
are first weighted by livestock numbers reported in the 
1964 Census (220) to obtain average coefficients for each 
of his 157 producing areas. All counties in a producing 
area are assumed to have the same output. The county 
coefficients are then weighted to get estimates for each 
of the 223 producing areas in this study. 
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The base 1964 coefficients then are adjusted to reflect the 
projected changes determined from the regression equations. 
All areas in a state are assumed to have the same 
proportionate change. The projected changes in output also 
are used to adjust the nonfeed costs for the dairy cow and 
beef cow activities. 
Livestock feed requirements estimated by Eyvindson (29) 
are projected to 2000 based on past trends in national feed 
conversion rates for each of the kinds of livestock (2, 48).^ 
Feed conversion rates for hogs and beef feeding are further 
adjusted to give feed conversion rates near those presently 
obtained by large commercial operators. The projected 
coefficients are then checked to prevent feed consumption 
beyond the body capacity of the animal or below established 
nutrient requirements as determined by Morrison (81). The 
factors used to adjust the base 1964 feed requirements for 
2000 are summarized in Table 14. 
The projected feed requirements for the dairy and beef 
cow activities show little or no change from 1964. Overall 
feed efficiency will change, however, since outputs of these 
^The same procedure used for weighting Eyvindson's costs 
and output coefficients is used here also. Eyvindson's feed 
requirements are expressed in terms of TDN, protein and 
roughage. The roughage requirement is expressed in terms of 
hay. Eyvindson's pasture coefficients, expressed in animal 
unit months, are converted to hay (roughage) equivalents 
based on the TDN available per animal unit month and per 
ton of hay. 
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Table 14. Factors used to 
ments for each 
adjust the base 1964 feed require-
of the types of livestock in 2000 
Type 
of Factor to adjust 
livestock TDN Protein Rouqhaqe 
Dairy 1.00 1.00 1.00 
Beef cows 1.00 1.00 0.95 
Fed beef 0.95 0.95 0.95 
Hogs 0.86 0.86 0 
activities is projected to be higher in 2000. See (45, 
Appendix D) for a more detailed description of the methods 
used to estimate the endogenous livestock coefficients. 
Exogenous livestock Only feed requirements are 
estimated for the exogenous livestock and poultry products 
(turkeys, broilers, eggs, lamb and mutton and other livestock 
(primarily horses and mules)). Feed requirements in 2000 are 
based on past trends (2, 48). The projected requirements 
are allocated to each of the 27 consuming regions for all 
the exogenous livestock, except other livestock, based on 
1964 levels of production (220). Requirements for other 
livestock are distributed evenly over all 27 consuming regions. 
The feed requirements are removed directly from the corn-
sorghum, oats-barley, oilmeals, wheat and hay commodity 
transfer rows of the appropriate consuming region. Therefore, 
no changes in the ration can result as the price of the 
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various feedstuffs changes. However, activities and costs 
are not included in the programming model to allow determi­
nation of the optimum pattern of production for the exogenous 
livestock. Either reliable coefficients are not available 
or the factors important in determining their optimum 
location are not included as restraints in the programming 
model. 
Technological advance 
The seven policy models, outlined in Chapter 1, incor­
porate two different assumptions about technological advance 
in 2000. 
Trend technology Six of the seven policy models 
incorporate trend technology. As used in this study, trend 
technology means simply that the past rate of change in a 
parameter is assumed to continue into the future. Simple 
linear regression is the method of projection most frequently 
used in this study. An intercept and slope coefficient are 
determined and then used to extrapolate past changes to 
determine projected (future) values of the parameter (e.g., 
crop yields). 
Advanced technology Under advanced technology 
(Model D), the productive capacity of agriculture is improved 
using two assumptions about technological advance in 2000. 
First, feed requirements per unit of output for the beef and 
pork sectors nationally are assumed to be less than under 
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trend technology projections,^ The overall feed efficiency 
of the pork sector is assumed to approach the level now 
obtained under research conditions, about a 20 percent 
improvement over the trend technology projection. The 
calving rate of beef cows is assumed to reach 125 percent, 
about 30 percent higher than the trend technology projection. 
(The higher calving rate assumes that new techniques to 
induce multiple births will be widely adopted). The feed 
efficiency of fed beef is projected to improve about 70 
percent over the trend technology projection. The trend 
technology projections for dairy and other livestock and 
poultry are not adjusted since they already reflect vast 
technological improvements over the past two decades. 
Second, the productive capacity of the Southeast is 
assumed to increase for both crops and livestock relative 
to the rest of the Nation. (In the rest of the United 
States, trend technology projections are used for crops). 
Yields of crops in producing areas in the Southeast are 
assumed to "catch up" to yields in the Corn Belt at a rate 
of 2 percent per year of the difference between the projected 
yield of a crop in an area in the Southeast and the average 
projected yield of that same crop in the Corn Belt. Thus, 
after 30 years 80 percent of the difference will have 
^These new rates were determined after private commu­
nication with Dr. Lanoy Hazel, Department of Animal Science, 
Iowa State University, Ames, Iowa, August 1971. 
97 
disappeared. If, under the trend technology projections, 
the yields in the Southeast already exceed or equal the 
average projected in the Corn Belt, no further adjustments 
are made. For livestock the same adjustment rule is used 
but both the Corn Belt and Southern Plains are used as the 
average base from which the deviations are measured. Crop 
and livestock costs in the Southeast also are adjusted to 
reflect the higher per acre and per animal costs of the new 
technologies and production practices. Most of the changes 
assumed for the Southeast will come from larger farms, 
adoption of new farming practices such as multiple cropping 
and new breeds of livestock. 
Feed transfers 
Transfer activities are defined to convert the crop 
commodities produced into nutrients required for livestock 
production. Outputs from each of the crop activities in the 
programming model are accumulated as supplies of corn-sorghum, 
oats-barley, wheat, oilmeals, silage and hay in commodity 
transfer rows in each consuming region. Demands for crop 
commodities then deplete these regional supplies. The feed 
transfer activities are used to transfer the crop commodity 
supplies into TDN, protein and roughage needed for dairy, 
beef cows, fed beef and pork production. 
Specific transfer activities are defined for each type 
of livestock to prevent nutrient sharing. Specific transfer 
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activities also are defined for each of the crop commodities 
based on the nutrient content of feeds appendix in Morrison 
(81). It is assumed that the nutrient content of each 
individual grain is uniform across the Nation. The nutrient 
content of hay, however, is allowed to vary by region based 
on the proportion that each type of hay production makes up 
of total hay production in the region in 1954 (220). 
Similarily, the nutrient content of silage is allowed to vary 
by region. Finally, since the feed requirements for roughage 
do not include fiber from the grains and oilmeals, no feed 
transfers are necessary to convert the various grains and 
oilmeals into roughage. See (45, Appendix E) for the specific 
nutrient conversion rates used for this study. 
Commodity transportation 
Transportation activities are defined to allow for the 
movement of eight commodities between each pair of contiguous 
consuming regions.^ Certain long-haul routes also are 
defined. The cost of transportation within a consuming 
region is assumed to be zero. 
To estimate transportation costs a uniform rate equation 
is applied to each commodity over all routes. The rate 
equations express ton-mile rates as a function of distance 
^The eight commodities are corn grain and sorghum grain, 
oats and barley, wheat, oilmeals, milk, beef, pork and 
feeders„ 
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and are estimated by least-squares regression from data in 
(60). The equations used are summarized in Table 15. 
Table 15. Uniform rate equations for each commodity 
transported 
Commodity Equation^ 
Carcasses C =: g4.0935-0.4478D 
Oilmeals c = 2.35975-0.318496D e 
Feeders c = 3.169555-0.337677D e 
Wheat c ^3.723356-0.538235D 
Sorghum c = g3.513613-0.518981D 
Corn c = 3.332431-0.537088D e 
Barley c = 2.544014-0.310044D e 
is cost in cents/ton-mile, D is distance in miles. 
Transportation costs for milk are estimated from a recent 
study by Moede (79). The equations used are: 
C = 4.434 + .058D if D < 225, 
C = 6.293 + 0.58D if 225 g D < 450, 
C = 8.878 + 0.58D if 450 ^  D < 675, 
C = 8.444 + 0.59D if 675 g D, 
where 
C is cost in cents per ton-mile; and 
D is distance in miles. 
100 
The carcass rate is used for both beef and pork. The 
transportation cost for the corn-sorghum activity is a 
weighted average of the corn and sorghum rate based on 
national shipments of each reported in (55, 57). 
The transportation cost for a specific commodity and 
route is estimated by first calculating the cost per ton-
mile from the uniform rate equation. Then this cost is 
multiplied by the distance of the route. Finally, this 
cost is converted to correspond to the units of the 
commodity transported and is used as the estimate of 
transportation cost in 2000. 
Projected levels of commodity demand 
The total demand for agricultural commodities is made 
up of two components: (1) domestic utilization and (2) net 
exports. 
Domestic utilization Per capita consumption estimates 
of crop and livestock products in 2000 are shown in Table 16. 
The per capita consumption estimates for beef, pork and 
broilers are determined from equations developed by Waugh 
(257). These equations were inverted to give 
Qg = 43.7809 - 0.7697 P^ + 0.2786 P^ + 0.1076 P^^ + 0.0386 Y 
Qp = 90.1111 -  0.2786 P^ -  0.9612 P^ + 0 .0728 P^^ + 0 .0032 Y 
Qgj.= 32.0623 + 0.1076 Pg.+ 0.0728 P^ - 0.4485 P^^ + 0.0023 Y 
Table 15. Per capita coefficients and population levels used in the study, 
1970 and 2000 
Commodity Unit 1970^ 2000 
Livestock products 
Beef and veal lbs. carc. wt. 115.70 157.70 
Pork lbs. carc. wt. 65.00 56.30 
Broilers lbs. ready-to-cook wt. 39.10 40.70 
Turkeys lbs. ready-to-cook wt. 8.30 8.50 
Lamb and mutton lbs. carc. wt. 3.40 3.40 
Dairy products lbs. milk equivalent 595.00 403.20 
Eggs number 302.00 204.00 
Crop products 9 
Corn-sorghum bushels 1.26; 1.25 
Barley-oats bushels 0.84% 0.80 
Wheat bushels 2.572 2.58 
Cotton lbs. 18.60% 12.00 
Sugar beets tons 0.122 0.11 
Other 
Disposable income 1970 dollars 3,420.00 5,400.00^ 
Population B level million 205.30 325.10 
Population C level million 205.30 299.30 
Population D level million 205.30 279.30 
^Source: (185). 
^1959 level. Source; (177). 
^This is the $4000 maximum used to calculate the commodity demands expressed 
in 1970 prices. 
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where 
Q is the per capita consumption of beef and veal in 
® pounds of carcass weight; 
Qp is the per capita consumption of pork in pounds of 
carcass weight; 
Q is the per capita consumption of broilers in pounds 
of ready-to-cook weight; 
P is the retail price index of beef (1957-59 = 100); 
Pp is the retail price index of pork (1957-59 = 100); 
P is the retail price index of broilers (1957-59 = 
100); and 
y is the per capita disposable income in 1957-59 
prices. 
The per capita consumption of turkeys, milk, eggs and 
lamb and mutton are determined from the following equations 
estimated by least-squares regression; 
Q ^ ^ 2.40871 p -0.43835 0.19729 0.21801 
T T B 
^ 6.6301-0.019T 
°M = ^ 
6.00183-0.01264T 
°E = = 
5.57087 -1.9916 0.57397 0.36813 -0.13775 Q = e P P Y T 
L LB
wi.ere 
is the per capita consumption of turkey in pounds 
of ready-to-cook weight; 
is the per capita consumption of dairy products in 
pounds of whole milk equivalent; 
103 
Qg is the per capita consumption of eggs in number; 
Ql is the per capita consumption of lamb and mutton 
in pounds of carcass weight; 
e is the base of the natural logarithm; 
is the retail price index of turkeys (1957-59 = 100); 
Pg is the retail price index of beef (1957-59 = 100); 
T is time in years after 1947; 
Pt is the retail price index of lamb and mutton (1957-
59 = 100); and 
Y is the per capita disposable income in 1957-59 
prices. 
Given prices assumed to prevail in 2000 and a maximum 
disposable income of $4000 (1957-59 prices), the equations 
are solved for the per capita consumption levels for the 
respective products.^ 
The per capita consumptions of corn, sorghum, oats, barley 
and wheat have not changed significantly over the past decade 
(170, 171, 172, 173, 174, 175, 193, 194, 195, 196). Hence, 
per capita demands for these commodities in 2000 for milling, 
brewing, cereal consumption and other uses are assumed to 
equal their 1957-69 average levels. Per capita consumption 
of sugar beets is assumed to equal the 1967-69 average per 
capita consumption of sugar adjusted for cane sugar production 
A maximum of $4000 (1957-59 prices) of per capita 
disposable income is used in the equations to restrict the 
effect of income on food consumption as income rises. 
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(177). The per capita consumption of cotton is projected 
to decline following past trends (154, 155, 156, 157). 
The per capita consumptions of the endogenous crop 
and livestock products,^ summarized in Table 15, are used 
as coefficients in the "population and industry" activity 
of the programming model (see the earlier section in this 
chapter on "the programming model"). Bounds equal to the 
projected population are then placed on this activity in 
each of the 223 producing areas. Thus, the total demand for 
these commodities is created "within" the programming model 
and can vary as the level and distribution of the population 
2 
changes. 
Commodities exogenous to the programming model are 
incorporated through national activities that are bounded 
to account for the level of population (domestic consumption) 
and exports or imports of the commodity in 2000.^ Feed re­
quirements for these commodities are explained in the "livestock 
coefficients" section of this chapter. 
^The endogenous crop and livestock products are corn, 
sorghum, oats, barley, wheat, cotton, sugar beets, beef, 
pork and dairy products. 
2 
The projected distribution of population in 2000 for 
each of the 223 producing areas was made available through 
the cooperation of the QBE (U.S. Department of Commerce) and 
the Water Resources Council. The alternative levels of 
population are taken from (228). 
^The exogenous livestock and poultry products include 
turkeys, broilers, eggs, lamb and mutton and other livestock 
(primarily horses and mules). 
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Estimates of exports and imports Two levels of exports 
are hypothesized for the year 2000. Level I assumes no further 
growth in world demand for U.S. exports while Level II assumes 
a substantial increase in exports over the present. Under 
Level I, exports of farm products are assumed to equal 
average 1967-69 commercial and government exports. Under 
Level II, total feed grains and wheat exports are projected 
to increase 1.9 percent per year and oilmeal exports are 
assumed to increase 2.5 percent per year over the next 30 
years. Thus, by the year 2000, exports under Level II are 
nearly twice as high as under Level I. Exports of eggs, 
broilers and turkeys are assumed to equal average 1967-69 
levels under both Level I and Level II exports. The levels 
of exports for 2000 are summarized in Table 17. 
Exports of the crop commodities are allocated among the 
27 consuming regions based on average 1967-69 shipments from 
U.S. ports (144, 145, 146, 147).^ Exports of the poultry 
products are added to their projected domestic demands and 
the totals then are converted into feed requirements and 
allocated among the 27 consuming regions based on the share 
of U.S. production of each product in each of the consuming 
regions in 1964 (220). 
Only a national export requirement is specified for 
cotton lint. 
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Table 17. Exports of crop and poultry products in 2000 
Commodity Unit Level I 1 Level II 
(000) 
Corn-sorghum 
Barley-oats 
Wheat 
Oilmeals 
Cotton lint 
Eggs 
Broilers 
Turkeys 
bushels 
bushels 
bushels 
cwt 
bales 
dozen 
lbs. ready-to-cook 
lbs. ready-to-cook 
710,264 
51,292. 
637,115 
218,992 
47,000 
167,000 
42,000 
3,400 
1,299,783 
93,864 
1,165,920 
481,780 
3,400 
47,000 
167,000 
42,000 
1 Average 1967-69 exports 
Imports of livestock products are assumed to equal 
average 1967-69 per capita levels (Table 18). Imports of 
beef and veal, pork and dairy products are allocated according 
to the distribution of population in 2000 and subtracted from 
the respective demands in each consuming region. Imports of 
lamb and mutton are subtracted from the domestic demand for 
lamb and mutton. This adjusted quantity is then used as the 
bound on the "lamb and mutton" activity in the programming 
model. 
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Table 18. Importjs of livestock products in 2000 
Commodity Unit 
Imports 
per capita 
(lbs. ) 
Beef and veal carc. wt. 6.96 
Lamb and mutton carc. wt. 0.67 
Pork carc. wt. 1.09 
Dairy products milk equivalent 6.44 
^Average 1967-69 exports. 
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CHAPTER III. EMPIRICAL RESULTS 
Seven policy models are analyzed in the following 
sections.^ Results are summarized and reported for the 18 
2 
river basins shown in Figure 6. In the sections immediately 
following, primary focus is on water and land use in the year 
2000 given alternative sets of parameters for (1) population, 
(2) water prices, (3) technological advance, (4) exports and 
(5) the absence or existence of government supply control 
programs. Also, maps showing the locations of crop production 
are provided for selected crops and policy models. Shadow 
prices of water and land also are presented. The sh^adow 
prices of water provide a basis for evaluating the transfer 
of water among uses and locations. For the price variation 
policy models. A, Al, A2 and A3, demand functions for water 
in the West and land in the East are presented. And the 
substitutions of land in the East for water in the West and 
of dryland production in the West for water (irrigated land) 
in the West are analyzed. 
Another section compares the results of the present 
study with water and land projections for 2000 made in other 
studies. Additional sections present projected livestock 
^The seven policy models are summarized in Table 5. 
2 
In Figure 6, the New England and Middle Atlantic basins 
are joined as the North Atlantic and thus only 17 river 
basins are shown. 
COlUMBIA NORTH PACIFIC SOURiS RED RArNi 
UPPER 
MISSISSIPPI 
MISSOUIM 
GREAT 
lAKES GREAT BASIN I UPPER ^ COLORADO NORTH ATLANTIC 
OHIO 
LOWER COLORADO 
SOUTH 
ATLANTIC GULF 
Figure 6. River basins in the United States as defined by the Water Resources 
Council 
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numbers and farm prices for crop and livestock commodities for 
each of the seven policy models. Although the livestock numbers 
are available for each of the 223 producing areas and the 
prices are available for each of the 27 consuming regions, only 
national numbers and averages are reported in this study. 
Results from the programming model not presented in detail in 
the following sections are provided in the Appendix for 
interested readers and include; (1) commodity flows (trans­
portation) for selected policy models, (2) average crop 
yields and production of selected crops and livestock, (3) 
feed consumed by class of livestock and (4) consumptive use 
of water for selected crops and livestock. 
Simulated Free Market Policy "odels 
Six of the seven policy models analyzed simulate a free 
market in American agriculture in the year 2000. The six 
models differ in three respects; (1) population, (2) water 
price and (3) technological advance. These six policy 
models, then, provide part of the needed data for an analysis 
of the trade-offs between alternative futures in the United 
States. The first policy model. Model A, will be used as a 
benchmark in the analysis. 
Model A: free market, C population level, present water 
prices and trend technology in 2000 
With this type of an economy, domestic demand for 300 
million people and exports at the 67-59 average levels, a 
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total of 189.5 million acres are used for dryland annual crop 
production (Table 19). Per capita consumption of beef and 
veal in 2000 is projected to increase 44.0 pounds over 1969. 
Per capita consumption of pork is projected to remain near 
the present level while per capita consumption of broilers 
and turkeys are projected to be higher than 1969 actual 
(Table 16). Consumption of the remaining livestock and 
poultry products continues to decline following the trend 
of the past two decades. 
Total acreage and distribution of dryland and irrigated 
crops Compared with 1964, total dryland acres are 13.1 
million higher* Corn for grain and cotton acres are 
significantly lower while wheat, grain sorghum and soybeans 
acres are significantly higher (202), Based on total dryland 
acres the rank of river basins generally is the same as in 
1964, except that the Texas-Gulf basin increases feed grain 
acreage significantly, 6.9 million acres, due primarily to 
grain sorghum grown in that area (Figure 8). The sorghum 
grown in the Texas-Gulf basin is needed for the large number 
of cattle to satisfy the beef demand for an increased popu­
lation in the Houston-Dallas area. With the relative shift 
of cattle feeding to the Texas area and the general yield 
increase projected for grain sorghum and other crops by 2000, 
the national dryland acreage of corn for grain decreases 
somewhat. (See Table B.l for average crop yields under 
Table 19. Dryland acreages of annual crops in the 18 river basins with C population 
level, present water prices, trend technology and a free market in 2000 
Total acres Projected 2000 
River basin 19641 2000 Wheat 
Corn 
grain 
Grain 
socghUB Oats Barley 
Soy­
beans 
Cot­
ton 
Sugar 
beets 
(000 acres) 
United States 176,379 189,521 53,143 33,575 24,082 20,550 7,013 45,784 4 ,298 1,076 
New England 37 83 0 0 0 83 0 0 0 0 
M. Atlantic 3,671 5,865 3,191 D 0 0 2,314 360 0 0 
S. Atlantic-Gulf 10,084 10,855 618 0 957 0 1,958 7,322 0 0 
Great Lakes 10,513 12,357 1,366 3,835 0 1,903 202 3,975 0 1,076 
Ohio 16,020 19,311 2,623 9,235 0 1,076 0 6,377 0 0 
Tennessee 1,215 1,340 0 0 0 0 0 250 1 ,090 0 
U. Mississippi 37,849 39,255 3,761 16,458 2,738 3,386 0 12,912 0 0 
L. Mississippi 11,154 14,253 5,402 0 0 0 0 5,643 3 ,208 0 
S.-Red-Rainy 9,317 9, 190 1,399 1,172 0 6,619 0 0 0 0 
Missouri 43,416 36,802 14,750 1,112 6,816 4,567 1,252 8,305 0 0 
Ark.-White-Red 18,929 15,295 11,088 1,745 789 646 387 640 0 0 
Texas-Gulf 8,512 15,422 3,221 18 10,840 1,064 279 0 0 0 
Rio Grande 374 1,014 0 0 1,014 0 0 0 0 0 
U. Colorado 167 0 0 0 0 0 0 0 0 0 
L. Colorado 21 0 0 0 0 0 0 0 0 0 
Great Basin 320 441 175 0 0 23 243 0 0 0 
Col.-N. Pacific 4,686 6,065 5,369 0 0 696 0 0 0 0 
Cal.-S. Pacific 94 1,973 180 0 928 487 378 0 0 0 
^Source; (220). 
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Model A). For the United States, the numbef of cattle fed 
in 2000 is projected to increase by 40.0 million head (165 
percent) over 1959 (Table 82). 
The dryland production of grain sorghum also substitutes 
for some currently irrigated grain production (Table 21). 
This substitution is especially important in water supply 
region 49 (Figure 3) where groundwater is projected to be 
depleted by 2000 (51). Dryland acreage of cotton decreases 
in 2000 due to the continued decline in domestic use of 
cotton and an increase in average cotton yield. Cotton 
production moves into the Lower Mississippi basin.(southeastern 
United States) in response to the increased competition for 
water in the West from nonagricultural water requirements 
and increased forage production. Compared with 1964, the 
total acreage harvested (dryland and irrigated) of annual 
crops is 7.2 million higher due to the higher food and fiber 
demand in 2000 and the substitution of dryland acreage for 
some currently irrigated land. Since dryland yields are 
less than irrigated yields, especially in the West, more 
land is used for food and fiber production. 
Figures 7, 8 and 9 show the location of annual crops 
production for Model A in 2000. The majority of the dryland 
acreage of wheat is in northern Texas, Oklahoma, Nebraska, 
Kansas and Colorado and some in the Mississippi Delta. 
Irrigated wheat is produced mainly in the northwestern 
United States (Figure 7). Dryland acreages of feed grains 
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Figure 7, Location of dryland and irrigated wheat under Model A in 2000 
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Figure 8. Location of dryland and irrigated feed grains and soybeans under 
Model A in 2000 
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Figure 9. Location of dryland and irrigated cotton and sugar beets under 
Model A in 2000 
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and soybeans are concentrated in a U-shaped belt extending 
over the Corn Belt and eastern Great Plains from New York 
to North Dakota and in Texas, with heavy concentration in 
the Corn Belt* Irrigated acreages are scattered with a fairly 
large amount in Colorado and Texas (Figure 8). As stated 
above, cotton production is concentrated in the southeastern 
United States (Figure 9). 
Total dryland acreage of tame hay and silages is projected 
to increase 41.9 million acres over 1964 (Table 20). This 
large increase in dryland forage production is necessary for: 
(1) the increased cattle fed in 2000 and (2) the increased 
beef cow herd to provide feeder cattle for the increased fed 
beef production. For the United States, the number of beef 
cows is projected to increase by 49.0 million head (137 
percent) over 1969 (Table 82). 
The rank of the river basins with respect to dryland 
acreage of tame hay and silages generally is the same as in 
1964. However, the Arkansas-White-Red basin moves into third 
place as these crops increase by 11.2 million acres over 1964. 
The Upper Mississippi basin, ranking second behind the Missouri 
basin in both 1964 and 2000, has an increase of 7.3 million 
acres of tame hay and silages over 1964. In both of the 
above basins, the increase in forage production is associated 
with the great increase in numbers of fed cattle and beef 
cows. Total dryland acreages of wild hay and pasture are 
essentially the same as in 1964 except that the acreage of 
Table 20. Dryland acreages of silages. hay and pasture in the 18 river basins with C 
population level, present water prie 25, trend technology and a free market 
in 2000 
Silaaes Tame hay Wild hav Pasture 
River basin 19641 2000 19641 2000 19641 2000 19642 20003 
(300 ac res) 
United States 10,572 13,717 46,675 85,417 9 ,005 8,907 621,192 929,614 
New England 138 0 1,031 0 0 0 1,551 1,475 
M. Atlantic 1,041 0 4,289 0 0 0 8,234 9,156 
S. Atlantic-Gulf 370 796 1,675 1,612 0 0 30,314 43,745 
Great Lakes 1,402 832 5,356 7,366 35 28 7,256 9,831 
Ohio 639 429 5,603 5,436 0 0 21,570 23,828 
Tennessee 102 0 1,025 319 0 0 5,658 6,012 
U. Mississippi 2,786 4,133 8,785 14,728 357 351 21,150 19,589 
L. Mississippi 121 0 957 1,265 43 42 12,137 24,806 
S.-Red-Rainy 425 1,148 1,282 3,864 771 771 4,224 4,110 
Missouri 2,716 3,869 10,548 33,142 6 ,234 6,234 169,015 198,279 
Ark.-White-Red 546 1,617 2,819 12,966 1 ,201 1,160 79,262 100,234 
Texas-Gulf 108 401 1,387 1,504 141 106 71,139 87,260 
Rio Grande 7 0 32 289 5 2 52,276 76,764 
U. Colorado 9 0 68 888 10 8 15,449 45,078 
L. Colorado 2 0 2 0 1 0 44,995 77,851 
Great Basin 34 401 127 71 31 30 16,371 69,687 
Col.-N. Pacific 122 91 1,373 1, 393 139 139 35,555 87,125 
Cal.-S. Pacific 4 0 316 74 37 36 25,036 43,784 
^Source: (220). 
^Source; (220). Public grazing lands not included. 
^Includes 291 million acres of public grazing lands. 
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improved pasture is projected to increase by the year 2000. 
Greater production from wild hay and pasture in 2000 also 
is needed for the increased fed beef and beef cow production. 
The location of the tame hay and wild hay acreage under Model 
A is shown in Figure 10, The dryland acreage of hay is 
concentrated in the Missouri and Upper Mississippi basins. 
The irrigated acreage is scattered in the Arkansas-White-
Red, Columbia-North Pacific, Texas-Gulf, Missouri and 
California-South Pacific basins. The location of the acreage 
of pasture under Model A in 2000 is shown in Figure 11. The 
dryland acreage of pasture is concentrated in the 17 Western 
States and the irrigated acreage of pasture is concentrated 
in the Columbia-North Pacific, California-South Pacific and 
Missouri basins. 
In terms of the objective function of the model, irrigated 
acreage of annual crops in 2000 declines by 5.1 million acres 
from the 1964 level (Table 21). The supply of both water 
and land is large enough to allow this shift while attaining 
a greater total output. The use of less irrigated land and 
the return to production of land now idled by supply control 
programs would allow the Nation's overall agriculture to be 
optimized by this pattern and shift. Agriculture could either 
(a) produce the Nation's food needs at a lower total factor 
cost or (b) produce a given amount at a greater national farm 
profit by this pattern. However, the shift to a smaller 
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Table 21. Irrigated acreages of annual crops in the 9 western river basins with C 
population level, present water prices, trend technology and a free aarket 
in 2000 
Total acres Projected 2000 
Corn Grain Soy­ Cot­ Sugar 
River basin 19641 2000 Wheat grain sacghun Oats Barley beans ton beets 
(000 acres) 
Western Basins 11,242 6,163 1,497 913 2,536 415 339 8 385 70 
Missouri 2,021 788 114 363 53 258 0 0 0 0 
Ark.-White-Red 1,568 1,645 0 295 1,283 16 0 8 43 0 
Texas-*Gulf 2,764 918 0 52 797 30 0 0 39 0 
Rio Grande 755 269 0 0 180 33 0 0 55 0 
0. Colorado 86 48 0 28 0 20 0 0 0 0 
L. Colorado 661 315 0 0 0 0 315 0 0 0 
Great Basin 222 61 37 0 0 0 24 0 0 0 
Col.-N. Pacific 918 1,135 982 109 0 44 0 0 0 0 
Cal.-S. Pacific 2,247 984 364 66 223 14 0 0 247 70 
* 
iSource; (220). 
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dependence on irrigated acreage and a greater dependence on 
dryland acreage would have important effects on the inter­
regional distribution of income. 
The Texas-Gulf, Missouri and California-South Pacific 
basins show the largest decrease (4.6 million acres) of 
irrigated land. This decrease of irrigated annual crops in 
2000, compared with 1964, can be explained by a number of 
factors.^ First, in conformity with the objective function 
of Model A, it is economic for dryland production in either 
the East or West to be substituted for irrigated production. 
As discussed above, for Model A the total dryland acreage of 
annual crops increases 13.1 million acres and the total dry­
land acreage of tame hay and silages increases by 41.9 
million acres over 1964. In this comparison it should be 
remembered that Model A does not include a land retirement 
or supply control program of the 1964 type for the year 2000. 
In other words. Model A allows nonirrigated land to be 
brought back into production and substituted for water or 
irrigated land where (a) municipal and industrial water 
requirements indicate the need and (b) where the national 
economic objectives of the policy model are furthered by the 
substitution. In other words, land idled under current 
^The amount of these annual crops irrigated in 1969 is 
not available yet but the decrease in 2000 will be even 
greater since actual irrigated acreage continued to increase 
between 1964 and 1969. 
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supply control programs is released for substitution for water 
and irrigated land for meeting these objectives. Water in 
some specific areas is not available for irrigation after 
exogenous water requirements (municipal, industrial, fruits 
and vegetables, etc.) are satisfied. This outcome explains 
some of the decrease in irrigated annual crops in the South­
west and the Texas-Gulf basin. Since use of ground water 
above recharge rates is not allowed in the programming model, 
certain areas presently using water for irrigation have 
reduced supplies in 2000. Some of the decrease in irrigated 
annual crop production in the Texas-Gulf basin the Southwest 
and the Missouri basin may result similarly by 2000. Ground 
water in the Texas high plains area is expected to be depleted 
by 2000 (51). Finally, some water and irrigable land are 
needed for forage production for greater beef production. 
Under Model A, irrigated tame hay and silages increase by 4.0 
million acres over the 1964 level (Table 22). The increase 
in forage production, as already outlined, is used for the 
increased fed beef and beef cow production in 2000. (See 
Figures 7, 8 and 9 for the location of the irrigated acreage 
of annual crops under Model A in 2000). 
For the 9 western river basins, the largest increases 
(a total of 3.8 million acres) in irrigated acreage of tame 
hay and silage over 1964 are in the Missouri, California-
South Pacific and Columbia-North Pacific basins. Compared 
Table 22. Irrigated acreages of silages, hay, pasture and fruits, nuts, rice and 
vegetables in the 9 western river basins with C population level, present 
water prices, trend technology and a free market in 2000 
River basin 
Silaaes Tame hay Wild hay Pasture 
Fruits, 
et 
nuts. 
19641 2000 1964» 2000 19641 2000 19641 2000 19641 2000 
(000 acres) 
Western Basins 745 1,069 6, 150 9,804 1,361 1,249 5,093 4,302 4,096 4,697 
Missouri 301 487 1,345 2,967 459 419 984 882 34 43 
Ark.-White-Red 86 260 226 491 16 8 145 129 22 36 
Texas-Gulf 35 7 72 62 0 0 237 127 534 501 
Rio Grande 29 95 286 245 58 57 268 232 227 118 
U. Colorado 15 22 532 316 174 174 580 580 66 5 
L. Colorado 36 0 229 193 4 0 101 40 141 126 
Great Basin 5 0 547 537 293 287 499 188 33 72 
Col.-N. Pacific 93 103 1, 596 2,675 291 290 1,147 1,249 621 832 
Cal.-S. Pacific 145 95 1,317 2,318 66 14 1,132 875 2,418 2,964 
T 
1 Source: (220) . 
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with 1964, both the Missouri and California-South Pacific 
basins have significant decreases in irrigated acreage of 
annual crops. In 2000, most of the land so released is shifted 
to irrigated tame hay and silages production. Irrigated 
acreage of tame hay and silages decreases slightly due to the 
shortage of water in the Texas-Gulf basin in 2000. (See 
Figure 10 for the location of the irrigated acreage of tame 
hay and wild hay under Model A in 2000). 
Irrigated acreages of wild hay and pasture differ only 
slightly from 1954 actual levels. Irrigated acreage of 
fruits, nuts, rice and vegetables for 2000 in the West are 
projected to increase 15.0 percent over 1964. Over 90 
percent of the increase is in the California-South Pacific 
basin. Figure 11 shows the location of the irrigated acreage 
of pasture and Figure 12 shows the location of the irrigated 
acreage of fruits, nuts, rice and vegetables in the 9 western 
river basins under Model A. 
Even with the higher food and fiber requirements in 
2000, 16.4 million acres of land could remain unused (Table 
23). The term unused refers to the amount of land not needed 
to meet the domestic and export food demands at the numerical 
levels specified in the restraint equations of the programming 
model. Of course, in a completely free market, one would 
expect the acreage denoted as unused to be absorbed into 
agricultural or urban uses. And it poses a supply of land to 
• = 50,000 Acres 
a = Less than 50,000 Acres. yom\ 
Figure 12. Location of irrigated fruits, nuts, rice and vegetables under 
Model A in 2000 
Table 23. Unused land and land shifted from annual crops to tame hay production 
in the 18 river basins with C level population, present water prices, 
trend technology and a free market in 2000 
Unused Unused Tota 1 Unused Unused Total Total 
dryland irrigable unused dryland irrigable unused unused Land 
River basin cropland cropland cropland hayland hayland hayland land shifted 
(000 acres) 
United States 4 ,806 543 5,349 9, 924 1,136 11,060 16, 409 49,274 
New England 150 — 150 1, 176 — 1,176 1, 326 0 
M. Atlantic 77 - 77 4, 607 - 4,607 4, 684 0 
S. Atlantic-
Gulf 3 ,259 - 3,259 1, 407 - 1,407 4, 666 604 
Great Lakes 0 - 0 0 - 0 0 1,770 
Ohio 160 - 160 935 - 935 1, 095 414 
Tennessee 317 - 317 633 - 633 950 250 
U. Mississippi 0 - 0 0 - 0 0 5,496 
L. Mississippi 0 - 0 0 - 0 0 187 
S.-Red-Rainy 0 - 0 32 - 32 32 2,568 
Missouri 0 0 0 227 146 373 373 24,257 
Ark.-White-Red 101 0 101 147 45 192 293 10,261 
Texas-Gulf 0 0 0 68 15 83 83 67 
Rio Grande 384 151 535 21 8 29 564 159 
U. Colorado 55 0 55 10 0 10 65 533 
L. Colorado 171 392 563 34 140 174 7 37 72 
Great Basin 5 0 6 35 191 226 232 67 
Col.-N. Pacific 0 0 0 240 0 240 240 1,114 
Cal.-S. Pacific 126 0 126 352 591 943 1, 069 1,455 
^Cropland presently in land retirement programs or used for annual crop 
production but used for tame hay production in 2000. 
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be used for public purposes such as parks and recreation. 
The greatest proportion of the land designated as unused (in 
terms of the specific demand restraints of the programming 
model) is in the Appalachian, Smokey and other mountainous 
areas of the East (Figure 13). Also a large proportion of 
the unused land is along the heavily populated area of the 
Eastern Seaboard, where the demand for recreational lands 
will be large over the next three decades. Most of the 
remaining unused land occurs in the 17 Western States as 
either land is reduced from irrigation or as supply controls 
(as compared to 1964) are relaxed and more productive soils 
in the Corn Belt or elsewhere are substituted. 
Of the unused total crop and hayland under Model A, 
5.3 million acres could be used for additional annual crops 
or tame hay production and 11.1 million more acres could be, 
in terms of soil and topographic characteristics, used only 
for tame hay production. Also, a considerable amount of land 
currently irrigated switches to dryland uses (is not irrigated) 
in the year 2000 under Model A. There are 25.0 million acres 
of land available for irrigated annual crops and irrigated 
tame hay production in 2000 (Table 7). But only 17.0 million 
acres of annual crops and tame hay are irrigated under Model 
A (Tables 21 and 22). There are 0.5 million acres of 
irrigable cropland unused and 1.1 million acres of irrigable 
hayland unused under Model A (Table 23). Thus, over 7 million 
• = 50,000 Acres 
M 
W 
o 
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acres of land currently irrigated, or that will be irrigated 
1 by 1980, is used for dryland production in 2000. The Texas-
Gulf, Missouri and California-South Pacific basins contain a 
majority of land switched from irrigated to dryland crop 
production. In the Texas-Gulf basin and in southern Califor­
nia, water is needed for nonagricultural water requirements 
(Table 24) and (or) for irrigation of fruits, nuts, rice and 
vegetables in 2000 (Figure 12). In the Missouri basin where 
a surplus of water exists in 2000 (Table 25), future 
additional food and fiber production comes from dryland grain 
and hay production. 
Over the period 1961-70, an average of 55 million acres 
of land were retired in various government land retirement 
programs. With the increased food consumption and especially 
for the much larger beef production under Model A, added 
requirements for grain and forage leaves only 16.4 million 
acres unused in the Nation. But a considerable amount of 
land, 49.3 million acres, either currently in land retirement 
programs or currently used for annual crops production is 
shifted to tame hay production under Model A (Table 23). 
Over 80 percent of the land shifted is in the Missouri, 
Arkansas-White-Red and Upper Mississippi river basins. 
^See the "land available" section in Chapter II for the 
procedures used to estimate irrigable cropland and hayland 
in 2000. 
132 
These are the areas that currently have large amounts of 
land in land retirement programs. But by 2000, under Model 
A, a shift to more extensive farming is indicated for these 
areas to supply forage for the increased beef production. 
Consumptive use and supplies of water Projected 
withdrawals and consumptive use of water under Model A are 
shown in Table 24. The net water balance in the 9 western 
river basins is summarized in Table 25. Total consumptive 
use of water in the 17 Western States is projected to increase 
22.3 million acre feet or 30 percent per year over the 1955 
level. Only the Arkansas-White-Red and Rio Grande basins 
have a projected 2000 consumption which is less than the 1965 
level. Food and fiber production in the Arkansas-White-Red 
basin is predominantly from dryland acreage in 2000. In the 
Rio Grande basin, only a small amount of available water is 
surplus (Table 25), In certain areas of both the Arkansas-
White-Red and Rio Grande basins, current use of ground water 
predominates. Since ground water use above recharge rates 
is not allowed in Model A, water for consumptive use in 2000 
is less than presently available supplies. And as shown in 
Table 21, irrigated acreage of annual crops in the Rio Grande 
basin declines from 1964 level. 
Of the total increased water for consumptive use in year 
2000 under Model A, 10.0 million acre feet (45.0 percent) is 
in the California-South Pacific basin. The Missouri, Texas-
Gulf and Columbia-North Pacific basins also increase water 
Table 24. Withdrawals and consumptive use o f  water in the 9 western river basins 
with C population level, present water prices, trend technology an3 a free 
market in 2000 
Projected 2000 
River basin Total All Municipal 6 Total 
19651 crops Livestock industrial^ Onsite Others 2000 
(thousand acre feet per year) 
Withdrawals 
Western Basins 151,733 93,205 1,725 53,605 4,797 2,632 155,964 
Missouri 21,668 15,808 657 6,562 1,086 1,132 25,245 
Ark.-White-Red 10,541 6,361 408 8,515 0 0 15,284 
Texas-Gulf 18,382 5,539 232 16,834 227 0 22,832 
Rio Grande 8, 165 3,843 143 1,356 0 0 5,342 
U. Colorado 4,500 3,388 60 1,104 198 0 4,750 
L. Colorado 7,774 3,482 50 1,414 585 1,500 7,031 
Great Basin 5,730 2,880 2 1,109 1,276 0 5,267 
Col.-N. Pacific 33,191 20,633 55 7,155 0 0 27,843 
Cal.-S. Pacific 41,782 31,271 118 9,556 1,425 0 42,370 
Consuaptive use 
Western Basins 75,050 66,354 1,725 22,623 3,981 2,532 97,315 
Missouri 11,822 10,736 657 1,305 1,086 1,132 14,916 
Ark.-White-Red 6,580 4,309 408 1,429 0 0 6, 146 
Texas-Gulf 8, 165 4,114 232 7,723 227 0 12,296 
Rio Grande 4,632 2,685 143 516 0 0 3, 444 
U. Colorado 2,220 2,575 60 507 144 0 3, 286 
L. Colorado 3,862 2,400 50 659 351 1,500 4,960 
Great Basin 2,524 2,146 2 474 908 0 3, 530 
CoI.tN. Pacific 11,785 13,549 55 1,670 0 0 15,274 
Cal.-S. Pacific 23.460 23.840 118 8.240 1.265 0 33.463 
^Source: (220, Tables 7-3-4 and 7-3-5). 
^Includes rural domestic, municipal, self supplied industrial, recreation, 
mining and thermal electric power. 
^Includes water export to Mexico, depletion of the Upper Milk River by Canada 
and transfer of water from the Missouri river basin into the S.-Red-Rainy basin. 
Table 25. Total water supply, total consumptive use and the net water balance in 
the 9 western river basins with C level population, present water 
prices, trend technology and a free market in 2000 
Water 
from 
inter- Water 
Water basin from 
from natural inter- Total Total Surplus Water 
natural stream basin water consumptive or from 
River basin runoff flows transfers supply use^ deficit desalting 
(thousand acre feet per year) 
Consumptive use 
Western Basins 239,410 0 0 239,410 97,315 142,095 355 
Missouri 28,600 0 337 28,937 14,916 14,021 0 
Ark.-White-Red 24,390 0 -51 24,339 6,146 18,193 0 
Texas-Gulf 12,210 0 51 12,261 12,296 -35 355 
Rio Grande 4,070 0 0 4,070 3,444 626 0 
U. Colorado 9,830 -5,277 -337 4,216 3,286 930 0 
L. Colorado 2,890 5,277 -3,207 4,960 4,960 0 0 
Great Basin 3,530 0 0 3,530 3,530 0 0 
Col.-N.Pacific 114,190 0 0 114,190 15,274 98,916 0 
Cal.-S.Pacific 39,700 0 3,207 42,907 33,463 9,444 0 
^See Table 8. 
^See Table 24. 
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consumption to much higher levels. The increase in the 
California-South Pacific basin is due to population growth 
and increased fruit, nut, rice and vegetable production by 
2000. In the Texas-Gulf basin, municipal and industrial 
water requirements give rise to the major increase. Crops 
are the primary water user in both the Missouri and Columbia-
North Pacific basins. The increases in water consumed in the 
Great Basin and Lower Colorado basins are relatively small 
and irrigated acreage is less in 2000 under Model A than 
1964 levels (Tables 21 and 22)„ Currently, ground water is 
an important supply source in both these areas. 
Under Model A, about 40 percent of the estimated total 
water supply is consumed in 2000 (Table 25). Only the Texas-
Gulf basin has a water deficit. The Rio Grande, Great Basin 
and Lower Colorado basins have a relative water scarcity, 
however. All remaining basins, including the Upper Colorado, 
have adequate water and need no further surface reservoir 
construction after 1980. The Upper Colorado basin has a 
surplus of 0.9 million acre feet per year. In addition, it 
releases 5.3 million acre feet for consumptive use in the 
Lower Colorado basin. The Columbia-North Pacific basin has 
the largest surplus, 98.9 million acre feet per year. To 
satisfy the water deficit in the Texas-Gulf basin, water 
desalting is used under the construction of Model A. The 
results of Model A, then, do not indicate a national water 
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shortage by 2000. Neither is an overall water shortage 
indicated for the 17 Western States. While one specific 
area has a deficit indicated, the problem ahead is one of 
the distribution or allocation of water rather than of a 
shortage per se. When land now idle under government supply 
control programs is allowed to return to production, it is 
substituted for water on irrigated land and prevents an 
overall shortage, either for the United States or the 17 
Western States, and poses the problem as one of water 
allocation rather than an absolute physical scarcity. 
Shadow prices of water and land As outlined in 
Chapter II, the shadow price for a resource is the amount the 
objective function will change (usually increase) for a one 
1 
unit reduction in the supply of the resource. Thus, the 
shadow prices generated for water and land are the amount 
the objective function (total cost) will change if one less 
unit of water or land is available. Alternatively, these 
shadow prices can be interpreted as the opportunity cost or 
value of another unit of water or land. The shadow price for a 
resource is zero unless the entire supply of the resource is 
used up. 
^For intermediate and final commodities, the shadow price 
can be interpreted as the total cost (transportation, produc­
tion and water cost, if any) of satisfying the last unit of 
requirement for the commodity. Therefore it is an indication 
of the supply price or marginal cost of supplying another 
unit of the commodity. National average shadow prices for 
selected crops and livestock are reported in Table 83. 
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Due to the structure of the land restraints in the 
programming model, special note must be taken of the shadow 
prices or land rents reported for each of the four individual 
land restraints.^ A change in the total land restraint 
(cropland and hayland) in a given producing area will affect 
only the amount of land available for tame hay (hayland) 
unless a corresponding change also occurs in the amount of 
cropland available. In other words, a change in the total 
land restraint, ceteris paribus, is equivalent to a change 
in the amount of hayland available. More specifically, since 
total land includes dryland cropland and dryland hayland as 
well as irrigated cropland and irrigated hayland, a change 
in the total land restraint, ceteris paribus, is equivalent 
to a change in the amount of dryland hayland available. 
Thus, the shadow price reported for the total land restraint 
for a given producing area is the shadow price for dryland 
hayland. 
The shadow price reported for the total cropland restraint 
in a producing area is not the "true" shadow price for dryland 
cropland. The "true" shadow price for an acre of dryland 
cropland in a given producing area is the summation of the 
shadow price reported for the total cropland restraint and 
of the shadow price reported for the total land (cropland and 
See the section on "the programming model" in Chapter 
II for the structure of the land restraints in the programming 
model. 
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hayland) restraint. Since cropland is a subset of total 
land, changes in the amount of cropland, ceteris paribus, 
will result in changes in the amount of "real" hayland 
available. Therefore, in the programming model the shadow 
price for the total cropland restraint is a net cost, or 
S-'C = 
1 1 1  
where 
TC 
S. is the shadow price reported for the total cropland 
^ restraint in the ith producing area; 
DC 
A. is the amount that total cost will increase if 
^ dryland! annual crop production is reduced by one 
unit (acre) in the ith producing area; and 
H? is the shadow price reported for the total land 
^ restraint or the amount that total cost will decrease 
if dryland hay production is increased by one unit 
(acre) in the ith producing area. 
DC 
The "true" shadow price of dryland cropland, , or the 
amount that total cost will increase with an uncompensated 
TC D 
one acre decrease in total cropland is the sum of and H^. 
Similarily, the shadow price reported for irrigated 
total land is a net cost or 
1 1 1  
where 
Since irrigated cropland is a subset of total cropland, 
the last unit (acre) of the total cropland restraint can be 
used up only by dryland annual crop production. 
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IT 
s .  is the shadow price reported for the irrigated total 
^ land restraint in the ith producing area; 
is the amount that total cost will increase if 
^ irrigated hay production^ is reduced by one unit 
(acre) in the ith producing area; and 
H? is defined above. 
IH 
Thus, the "true" shadow price for irrigated hayland, A^ , is 
IT D 
the summation of and 
Finally, the shadow price reported for irrigated cropland 
also is a net cost or 
- a'" -
1 1 1 3- 1 
= A^ ': - - s:'" -
1 1 1 1  
where 
IC 
S. is the shadow price reported for the irrigated 
^ cropland restraint in the ith producing area ; 
IC 
A. is the amount that total cost will increase if 
^ irrigated annual crop production is reduced by one 
unit (acre) in the ith producing area; and 
D IH DC TC IT 
H., A. , A. , S. and S. are defined above. 
11 11 1 
Therefore, the "true" shadow price for an acre of irrigated 
IC TC IT D 
cropland is the summation of S. , S. , S. and H. or the 1 1 1  1  
summation of the shadow prices reported for each of the four 
land restraints. 
Since irrigated cropland is a subset of irrigated total 
land the last unit (acre) of this restraint can be used up 
only by irrigated hay production. 
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Shadow prices of water for all seven policy models 
analyzed are reported in Table 26. The water supply regions 
included in Table 26 are those that have a nonzero shadow 
price of water in one or more of the policy models analyzed. 
A shadow price is equal to zero unless the entire supply of 
water is consumed in the region.^ 
Shadow prices of water under Model A range from $2.58 in 
water supply regions 23 and 25 (Upper Colorado river basin) 
to $100.00 in water supply region 51 (Texas-Gulf river basin). 
The price in region 51 is a result of water desalting needed 
to satisfy exogenous water requirements for that region in 
2000. In either region 23 or 25, a reduction in the supply 
of water by one unit will increase the total cost (objective 
function) by $2.58* Alternatively, another unit of free 
water in either of these regions will reduce the total cost 
by $2.58. That is with another unit of water available in 
either of these regions, and in conformance with the national 
objective function, agriculture output could be increased in 
the region, and decreased in another region, at a total 
savings of $2.58. Thus, the shadow price of water is the 
value of water for agricultural uses, given nonagricultural 
water requirements and projected food and fiber demands. 
^See the "water supplies" section in Chapter II for the 
procedures used to estimate the water supply. In this study 
the water supply only includes surface runoff. 
Table 26. Shadow prices of water in selected water supply regions under the 7 
alternative policy models in 2000 
Water 
supply region Model A Model Al Model A2 Model A3 Model B Model C Model D 
(dollars per acre foot consumed) 
8 3.74 0 0 0 0 7.89 6.26 
15 35.78 0 0 0 0 30.32 44.40 
15 63.78 58.28 58.00 58.00 58.32 58.32 72.40 
17 13.78 15.28 0 0 0 0 22.40 
18 19.58 20.36 23.76 0 11.97 28.26 42.67 
19 35.08 38.28 43.36 44.31 25.74 71.50 56.54 
20 35.08 38.28 43.36 44.31 25.74 71.50 56.54 
21 19.40 21.68 25.30 30.00 12.74 45.34 34.68 
22 9.50 0 0 0 5.83 18.47 15.44 
23 2.58 0 0 0 2.08 2.58 2.58 
25 2.58 15.00 22.50 30.00 2.58 2.58 2.58 
26 19.58 20.36 23.76 30.00 11.97 28.26 42.67 
27 19.58 20.36 23.62 0 11.95 37.45 42.32 
31 0 0 0 0 0 24.40 10.31 
32 16.86 18.09 22.50 30.00 11.45 30.70 26.63 
35 8.87 15.00 22.50 0 8.87 30.75 16.66 
36 8.87 15.00 22.50 0 8.87 0 16.66 
37 3.07 15.00 22.50 30.00 3.07 3.07 0 
40 9.50 15.00 22.50 30.00 0 18.00 15.45 
41 15.64 15.24 0 0 11.20 0 34.54 
42 61.35 63.72 68.29 70.77 47.58 112.24 98.50 
47 0 0 0 0 0 2.18 10.03 
48 0 0 0 0 0 0 16.13 
49 52.42 54.51 58.53 60.69 40.37 74.43 74.32 
51 100.00 100.00 100.00 100.00 0 0 100.00 
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Therefore, the shadow price of water provides a basis 
for evaluating the transfer of water among uses and locations. 
It indicates the opportunity cost of transferring water away 
from agricultural uses (at the margin). Alternatively, it 
indicates the value of another unit of free water transferred 
in from a region of surplus supply. For example, under Model 
A, there is a water surplus in Columbia-North Pacific river 
basin and a water scarcity in the Lower Colorado river basin 
(Table 25). The shadow price of water in the Lower Colorado 
river basin is $19.58 per acre feet (regions 25 and 27 in 
Table 26). If the cost of transporting water from the 
Columbia-North Pacific basin to the Lower Colorado basin is 
less than $19.58 per acre foot, the total cost of agricultural 
production can be reduced by the difference between the cost 
of the water and the value of the water ($19.58). Similarily, 
the shadow prices of water reported for other regions in 
Table 26 indicate the value of potential interbasin transfers 
of water. These values in Table 26, however, are for marginal 
units of water and are only indications of the value of 
potential water transfers. More extensive analysis is 
required before the value of alternative water transfer 
projects can be estimated. Nevertheless, the shadow price 
of water is a measure of the scarcity of water in those 
regions where the entire supply of water is consumed. 
Average shadow prices or land rents of dryland hayland, 
dryland cropland, irrigated hayland and irrigated cropland 
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are reported by river basin in Table 27. The prices reported 
in Table 27 are calculated by weighting the individual 
producing area shadow prices by the amounts of land used for 
each of the alternative uses. For example, the shadow price 
reported for dryland hayland in the Missouri river basin, 
$14.50 is calculated by weighting the shadow price for dry­
land hay in each producing area included in the Missouri 
river basin by amount of land used for dryland hay in each 
of these producing areas. Of course, the shadow price for 
dryland hayland in a producing area is zero unless the entire 
supply of land (cropland and hayland) is used up in the 
producing area. The highest land rent of dryland hayland is 
in the Upper Colorado river basin. Thus, a reduction in the 
supply of dryland hayland by one unit (acre) in the Upper 
Colorado basin on the average will increase the total cost 
of agricultural production by $23.38. Thus, in terms of the 
objective function in the programming model, a one acre 
reduction in the supply of dryland hayland will result in 
increased hay production in some other area at a total cost 
increase of $23.38. Since this is an average figure, there 
are some producing areas in the Upper Colorado basin where 
the increase in cost will be less. There also can be producing 
areas in the Upper Colorado river basin where the shadow price 
of dryland hayland is equal to zero. 
The highest land rent of dryland cropland is in the Upper 
Mississippi basin. The highest land rent of both irrigated 
Table 27. Shadow prices of alternative land uses in the 18 river basins with 
C level population, present water prices, trend technology and a 
free market in 2000 
Dryland Dryland Irrigated Irrigated 
River basin havland cropland hayland cropland 
(dollars per acre) 
United States 14.35 25.38 26.01 40.12 
New England 0 29.12 — — 
M. Atlantic 0 9.84 - -
S. Atlantic-Gulf 7.65 11.93 - — 
Great Lakes 16.62 29.72 - — 
Ohio 7.66 29.17 - -
Tennessee 5.39 21.35 - -
U. Mississippi 20.86 39.23 - -
L. Mississippi 11.64 26.40 - -
S.-Red-Rainy 12.79 14.76 - -
Missouri 14.50 21.14 25.46 51.36 
Ark.-White-Red 9.86 19.51 12.72 52.15 
Texas-Gulf 7.46 21.50 12.81 11.70 
Rio Grande 10.72 24.73 26.34 36.58 
U. Colorado 23.38 15.87 22.56 31.65 
L. Colorado 0 0 15.10 5.73 
Great Basin 8.25 14.15 6.54 15.46 
Col.-N. Pacific 14.83 31.03 32.48 54.24 
Cal.-S. Pacific 1.41 31.34 31.27 41.90 
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hayland and irrigated cropland is in the Columbia-North Pacific 
basin. Under Model A, the highest shadow price of land is 
for irrigated cropland in the Columbia-North Pacific basin 
where an additional unit (acre) of land is worth $54,24. 
Using a capitalization rate of 7 percent and assuming land 
taxes are $6.00 per year, the capitalized value or price of 
1 
this land is $690 per acre. 
Supply potential and policy alternatives The pro­
jections to 2000 under Model A indicate neither a land nor 
an overall water shortage for agriculture. The prospect is 
for continued large supply capacity relative to projected 
domestic and export demand for U.S. farm products. Farm 
commodity prices are not likely to rise to high real levels 
under the supply-demand relationships expected to prevail at 
that time. (See Table 83 for a summary of farm prices under 
Model A.) While the Nation averaged 56 million acres retired 
from production under federal supply control programs over the 
period 1961-70, Model A indicates that some cropland still 
^The capitalized value of land equals 
annual net return to land^ Assuming land taxes of $6.00, 
capitalization rate 
the net return per acre to irrigated cropland in the Columbia-
North Pacific river basin is $54.24-$6.00 = $48.24. The 
capitalized value of the land is $48.24 = $690 per acre. 
0.07 
This is not necessarily the market price of this land since 
the market price is influenced by speculative forces as well 
as nonagricultural forces such as urban development. (A 
capitalization rate of 6 percent would yield a land value of 
$805 per acre.) The above formula assumes that the life of 
land is indefinite. 
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will not be needed for crops in meeting the projected demands 
for 2000, However, the amount of land not needed for crops 
is projected to decline from the 58.0 million acres out of 
production in 1969 to 16.4 million in 2000. But by 2000, 
49.3 million acres of land currently in land retirement 
programs or used for annual crops production is shifted to 
tame hay production. At the same time, the amount of water 
used for irrigation and the amount of land irrigated can 
decline by 2000 if resources are allocated optimally in terms 
of Model A to meet national food and water needs. Under Model 
A, the amount of irrigated acreage declines from an estimated 
38.5 million acres in 1969 to 27«3 million acres in the 17 
Western States in 2000. Hence, the Nation can readily meet 
its food needs under the assumptions of Model A and some 
water can be released for other uses accordingly. Even if 
urban, municipal and manufacturing demand for water proves 
larger than projected for Model A, more water can be diverted 
from agriculture where locational aspects of water supply and 
demand mesh. The locational linkage is necessary only for 
water and not for agricultural production. With even more 
water withdrawn from agriculture to meet nonfarm demand at 
particular locations, land elsewhere in the Nation can be 
used for crops on land shifted from irrigated practices. 
Hence, even with a somewhat reduced acreage of irrigated 
land in 2000, the problems of agriculture nationally promise 
to be more nearly those of large production capacity and low 
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prices—than of small supply relative to demand and high 
real costs of food to consumers. This statement is based on 
the projections used for export demands. Of course, if some 
unexpected circumstances caused urgency for much greater 
exports or international food aid, the situation would be 
altered.1 
Model Al; free market, C population level, $15.00 water 
prices and trend technology in 2000 
This policy model is the same as the one outlined in 
the previous section, except that the price of water is 
higher and farmers in the 17 Western States pay at least 
$15.00 per acre foot for water (surface runoff) used for 
crop irrigation or livestock production. 
Total acreage and distribution of dryland and irrigated 
crops Compared with Model A, total dryland acres of the 
annual crops, hays and pastures increase by 4.5 million while 
total irrigated acres of these same crops decrease by 4.6 
million. Total dryland acreage of just the annual crops, 
however, is 1.0 million acres fewer than under Model A 
(Table 28). Under Model Al, dryland acreage of annual crops 
increases 0.2 million acres in the South Atlantic-Gulf basin 
and decreases 0.6 million acres in the Arkansas-White-Red 
basin, 0.4 million acres in the Lower Mississippi basin, 
^A higher level of both population and exports is 
evaluated under Model D. 
Table 28. Drylanî acreages of annual crops in the 18 river basins with Z population 
level, $15.00 water prices, trend technology and a free markat in 2030 
Total acres Projected 2000 
Corn 3cain Soy- Cot- Sugar 
River basin 1964» 2000 Wheat grain sorghum Oats Barley beans ton beets 
(009 acres) 
United States 176, 379 188,540 51, 086 33, 824 24, 462 20, 533 6, 865 46, 335 357 1,078 
New England 37 83 0 0 0 83 0 0 0 0 
M. Atlantic 3, 671 5,866 3, 191 0 0 0 2, 161 514 0 0 
S. Atlantic-Gulf 10, 084 11, 103 789 0 957 0 2, 035 7, 322 0 0 
Great Lakes 10, 513 12,211 366 3, 335 0 1, 903 201 3, 828 0 1,078 
Ohio 16, 020 19,292 2 ,  508 9, 955 0 1, 116 115 5, 598 0 3 
Tennessee 1, 215 1,340 0 0 0 0 0 250 1, 090 0 
U. Mississippi 37, 849 39,028 3, 761 15, 661 2, 738 3, 154 0 13, 714 0 0 
L. Mississippi 11, 154 13,878 (4, 708 268 0 51 0 5, 584 3, 257 0 
S.-Red-Rainy 9, 317 9,190 1r 399 1, 172 0 6, 619 0 0 0 0 
Missouri (*3, 416 36,698 14, 333 1/ 172 6, 815 4, 821 1/ 252 8, 305 0 0 
Ark.-White-Ped 18, 929 14,727 9, 919 1, 745 791 665 387 1, 220 0 0 
Texas-Gulf 8, 512 15,473 3, 303 16 11, 219 935 0 0 0 0 
Rio Grande 374 1,014 0 0 1r 014 0 0 0 0 0 
U. Colorado 167 0 0 0 0 0 0 0 0 0 
L. Colorado 21 0 0 0 0 0 0 0 3 0 
Great Basin 320 529 304 0 0 0 225 0 0 0 
Col.-N. Pacific 4, 686 6,096 5, 325 0 0 771 0 0 0 0 
Cal.-S. Pacific 94 2,012 180 0 928 415 489 0 0 0 
1 Source ; (220) . 
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0,2 million acres in the Upper Mississippi basin, 0.1 million 
acres in the Great Lakes basin and 0.1 million acres in the 
Missouri basin. Total dryland acreage of wheat declines 2.1 
million acres and dryland acreages of corn for grain, grain 
sorghum, soybeans and cotton increase slightly. Compared 
with Model A, total irrigated acreage of annual crops increases 
by 0.3 million acres under Model Al due to 0.5 million acres 
more of irrigated wheat in the Columbia-North Pacific basin 
(Table 30). 
Under Model Al, total dryland acreage of tame hay and 
silages is 5.5 million higher than under Model A (Table 29). 
The following river basins show most of the increase (and 
amounts); Arkansas-White-Red (0.8 million acres), Missouri 
(1.4 million acres) and Columbia-North Pacific (1.4 million 
acres). Total irrigated acreage of tame hay and silages 
decreases by 3.5 million acres from Model A (Table 31). The 
following river basins show most of the decrease (and amounts); 
Columbia-North Pacific (1.8 million acres), Missouri (0.9 
million acres) and Great Basin (0.4 million acres). 
Total dryland acreages of wild hay and pasture are nearly 
the same as under Model A. However, total irrigated acreages 
of wild hay and pasture are 1.3 million acres fewer than 
under Model A (Table 31). Most of the decrease is in the 
following river basins (and amounts)% Upper Colorado (0.4 
million acres), Columbia-North Pacific (0.3 million acres), 
California-South Pacific (0.2 million acres), Missouri (0.2 
Table 29. Dryland acreages of silages, hay and pasture in the 18 river basins with Z 
population level, $15.00 water prices, trend technology and a free market 
in 2000 
River basin 
Silaaes Tame hav Wild hav Pasture 
19641 2000 1964: 2000 19641 2000 19642 20003 
(000 acres) 
United States 10,572 13,881 46,675 90,787 9,005 8,963 621,192 929,614 
New England 138 0 1,031 0 0 0 1,551 1,475 
M. Atlantic 1,041 0 4,289 42 0 0 8,234 9, 156 
S. Atlantic-Gulf 370 849 1,675 1,914 0 0 30,314 43,745 
Great Lakes 1,402 832 5,356 7,513 35 31 7,255 9,831 
Ohio 639 448 5,603 5,436 0 0 21,570 23,828 
Tennessee 102 0 1,025 819 0 0 5,658 6,012 
U. Mississippi 2,786 4,043 8,735 15,346 357 351 21,150 19,589 
L. Mississippi 121 12 957 1,629 43 42 12,137 24,806 
S,-Red-Painy 425 1,148 1,282 3,397 771 771 4,224 4, 110 
Missouri 2,716 3,989 10,548 34,446 6,234 6,234 169,015 198,279 
Ark.-White-Red 546 1,661 2,819 13,683 1,201 1,199 79,252 130,234 
Texas-Gulf 108 409 1,387 1,527 141 120 71,139 87,260 
Rio Grande 7 0 32 289 5 2 52,276 76,764 
U. Colorado 9 0 69 940 10 8 15,449 46,078 
L. Colorado 2 0 2 0 1 0 44,995 77, 851 
Great Basin 34 296 127 328 31 30 16,371 69,687 
Col.-N. Pacific 122 194 1,373 2,656 139 139 35,555 87,125 
Cal.-S. Pacific 4 0 316 622 37 36 25,035 43,784 
^Source; (220). 
^Source: (220). Public grazing lands not included. 
^Includes 291 million acres of public grazing lands. 
Table 30. Irrigated acreages of annual crops in the 9 western river basins with C 
population level, $15.00 water prices, trend technology and a free market 
in 2000 
Total acres Projected 2000 
River basin 19641 2000 Wheat 
Corn 
grain 
Srain 
socghuB Oats Barley 
Soy­
beans 
Cot­
ton 
Sugar 
beets 
(000 acre 3) 
Western Basins 11,242 6,413 1,944 351 2,288 409 507 8 327 69 
Missouri 2,021 749 0 425 53 271 0 0 0 0 
Ark.-White-Red 1,568 1,580 0 295 1,225 16 0 8 35 0 
Texas-Gulf 2,76a 858 0 0 819 0 0 0 39 0 
Rio Grande 755 217 0 0 180 33 0 0 4 0 
U. Colorado 86 10 0 6 0 4 0 0 0 0 
L. Colorado 661 261 0 D 0 0 261 0 0 0 
Great Basin 222 78 37 0 0 0 41 0 0 0 
Col.-N. Pacific 918 1,609 1,543 66 0 0 0 0 3 0 
Cal.-S. Pacific 2,217 1,051 364 69 11 85 205 0 248 69 
^Source: (220) . 
Table 31. Irrigated acreages of silages, hay, pasture and fruits, nuts, rice and 
vegetables in the 9 western river basins with Z population levai, 515.30 
water prices, trend technology and a free market in 2000 
River basin 
Silages Tame hay Wild hav Pasture 
Fruits, 
et 
nuts. 
1964» 2000 19641 2000 19641 2000 1964» 2000 1954» 2000 
(000 acres) 
Western Basins 745 977 6, 150 6,370 1,361 799 5,093 3,424 4,096 4,697 
Missouri 301 510 1,345 2,037 459 239 984 882 34 43 
Ark.-White-Red 86 259 226 509 16 8 145 129 22 36 
Texas-Gulf 35 7 72 33 0 0 237 69 534 501 
Rio Grande 29 95 286 143 58 0 268 72 227 118 
U. Colorado 15 7 532 139 174 173 580 185 55 5 
I.. Colorado 36 0 229 223 4 0 101 40 141 126 
Great Basin 5 0 547 123 293 287 499 188 33 72 
Col.-N. Pacific 93 0 1, 596 969 291 92 1,147 1,138 521 832 
Cal.-S. Pacific 145 99 1,317 2,194 66 0 1,132 721 2,418 2,964 
* Source; (220) . 
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million acres) and Rio Grande (0.2 million acres). The 
irrigated acreage of fruits, nuts, rice and vegetables under 
Model Al is the same as for Model A (Table 31). 
In summary, when the price of water is increased to the 
level under Model Al, and in conformance with the objective 
function on a national basis, the mix of crops within the 
annual crops category changes and the proportion of annual 
crops and hays and pasture changes. For example, compared 
with Model A, the total dryland acreage of all crops is 4.6 
million acres higher and the total irrigated acreage of all 
crops is 4.5 million lower under Model Al. And under Model 
Al, compared with Model A, dryland acreage of all crops in 
both the West and the East is substituted for previously 
irrigated production in the West, 
Acres of unused crop and hayland under Model Al are 
reported in Table 32. Total unused land is 1.3 million 
acres fewer than under Model Al. In addition, 3.3 million 
acres more of irrigable land are switched to dryland 
production compared with Model A and 0.5 million acres more 
of cropland are shifted to tame hay production. These changes 
are a result of the 5.5 million acres increase in dryland 
tame hay and silages under Model Al. 
Consumptive use and supplies of water Total water 
consumed under Model Al is 12.0 percent below that of Model 
A. Compared with Model A, all river basins show a decrease. 
However, the Arkansas-White-Red and Lower Colorado basins 
Table 32. Unused land and land shifted from annual crops to tame hay production 
in the 18 river basins with C level population, $15.00 water prices, 
trend technology and a free market in 2000 
Unused Unused Total Unused Unused Total Total 
dryland irrigable unused dryland irrigable unused unused Land 
River basin cropland cropland ' cropland hayland hayland hayland land shifted^ 
(000 acres) 
United States 4,441 687 5,128 8,856 1,150 10,006 15,134 49,778 
New England 150 — 150 1,176 — 1,176 1,326 0 
M. Atlantic 77 - 77 4,565 - 4, 565 4,642 0 
S. Atlantic-
Gulf 2,928 - 2,928 1,135 - 1,135 4,063 634 
Great Lakes 0 - 0 0 - 0 0 1,918 
Ohio 160 - 160 935 - 935 1,095 414 
Tennessee 317 - 317 633 — 633 950 250 
U. Mississippi 0 - 0 0 - 0 0 5,814 
L. Mississippi 0 • - 0 0 - 0 0 551 
S.-Red-Rainy 0 - 0 0 - 0 0 2,568 
Missouri 0 0 0 0 0 0 0 23,986 
Ark.-White-Red 101 0 101 16 31 47 148 10,874 
Texas-Gulf 0 0 0 67 22 89 89 45 
Rio Grande 384 203 587 21 109 130 717 159 
U. Colorado 55 20 75 10 157 167 242 565 
L. Colorado 171 434 605 34 123 157 762 84 
Great Basin 6 30 36 21 331 352 388 0 
Col.-N. Pacific 0 0 0 92 87 179 179 532 
Cal.-S. Pacific 92 0 92 151 290 441 533 1,384 
Cropland presently in land retirement programs or used for annual crop 
production but used for tame hay production in 2000. 
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have only slight decreases (Table 33). Water consumption is 
reduced by 4.1 million acre feet per year in the Columbia-
North Pacific basin, by 2.4 million in the Missouri basin, 
by 1.6 million in the Upper Colorado basin, by 1.0 million 
in the Rio Grande basin, by 1.0 million in the California-
South Pacific basin, by 0.9 million in the Great Basin basin 
and by 0.4 million in the Texas-Gulf basin. 
None of the river basins have a water deficit (Table 34) 
with a water price of $15.00. The Texas-Gulf basin still 
uses water desalting, however, because not enough surface 
runoff water is available in water supply region 51. Thus 
with the higher water price, this basin as a whole has a 
small surplus while water supply region 51 in the basin is 
deficit. The Great Basin and Lower Colorado basins still 
have a relative scarcity of water. As is true under Model 
A, the Columbia-North Pacific basin has the largest water 
surplus and is followed by the Arkansas-White-Red and 
Missouri basins. Under Model Al, 35.0 percent of the total 
water supply is required for consumptive uses in 2000. 
For publicly developed projects, most farm supplies of 
irrigation water currently are in the form of fixed costs 
in terms of water rights and amortized repayment schedules 
for the irrigated farm acreage. Under the construction of 
Model Al, an additional variable (and also marginal) price 
is added to the water charge to make the cost of surface 
runoff water at least $15.00 per acre foot in every water 
Table 33. Withdrawals and consumptive use of water in the 9 western river basins 
with C population level, Î15.00 water prices, trend technology and a free 
market in 2000 
Projected 2000 
River basin Total All Municipal & Total 
19651 crops Livestock industrials Onsite Others 2300 
(thousand acre feet per year) 
Withdrawals 
Western Basins 151,733 76,546 1,720 53,605 4,797 2,632 139,300 
Missouri 21,668 12,126 655 6,562 1, 086 1,132 21,561 
Ark.-White-Red 10,541 6,226 421 8,515 0 0 15,162 
Texas-Gulf 18,382 4,947 232 16,834 227 0 22,240 
Rio Grande 8,165 2,536 140 1,356 0 0 4,032 
0. Colorado 4,500 1,354 47 1,104 198 0 2,703 
L. Colorado 7,774 3,461 53 1,414 585 1,500 7,013 
Great Basin 5,730 1,722 2 1,109 1,276 0 4, 109 
Col.-N. Pacific 33,191 14,311 56 7,155 0 0 21,522 
Cal.-S. Pacific 41,782 29,863 114 9,556 1,425 0 40,958 
Consumptive use 
Western Basins 75,050 54,984 1,720 22,623 3,981 2,632 35,940 
Missouri 11,822 8,327 655 1,305 1,086 1,132 12,505 
Ark.-White-Red 6, 580 4,227 421 1,429 0 0 6,077 
Texas-Gulf 8, 165 3,731 232 7,723 227 0 11,913 
Bio Grande 4,632 1,742 140 616 0 0 2, 498 
U. Colorado 2,220 1,030 47 507 144 0 1,728 
L. Colorado 3,862 2,392 53 659 351 1,500 4,955 
Great Basin 2,524 1,248 2 474 908 0 2,632 
Col.-N. Pacific 11,785 9,428 56 1,670 0 0 11,154 
Cal.-S. Pacific 23-460 22.859 114 8.240 1.265 0 32.478 
^Source; (220, Tables 7-3-4 and 7-3-5). 
zincludes rural domestic, municipal, self supplied industrial, recreation, 
mining and thermal electric power. 
^Includes water export to Mexico, depletion of the Upper Milk River by Canada 
and transfer of water from the Missouri river basin into the S.-Red-Rainy basin. 
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supply region. This price reduces water use, within the 
national optimization of the programming model's objective 
function, and releases 11.4 million acre feet for other uses 
compared with Model A. In other words, the demand for water 
can be caused to decline, with a substitution of nonirrigated 
land for water in attaining a given production level, by an 
appropriate scheduling of water prices and costs for farm 
users. 
Shadow prices of water and land Shadow prices 
of water under Model Al are reported in Table 26. Since the 
price of water is higher under Model Al than under Model A, 
less total water is consumed and, hence, fewer water supply 
regions have nonzero shadow prices of water. In general, 
shadow prices of water in the remaining regions in Table 26 
are higher than under Model A. Under Model Al, there is a 
substitution of dryland production for irrigated production. 
The higher water prices cause irrigated production in some 
areas to become more costly than dryland production of the 
same or substitute annual crop or tame hay in the same area 
or competing area. Thus, only the more profitable, or least 
costly in terms of the objective function, irrigated activities 
remain in production. Thus» the relative cost of production 
on these remaining irrigated activities along with the 
higher (than under Model A) cost of production from the new 
dryland activities results in a higher value or opportunity 
cost for water in these remaining water supply regions. 
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Compared with Model A, land rents for dryland hayland 
and dryland cropland are generally higher under Model Al but 
land rents for irrigated hayland and irrigated cropland are 
generally lower (Table 35)„ For example, under Model A, the 
average land rents for dryland hayland and dryland cropland 
in the United States are $14.36 and $25.38, respectively. 
Under Model Al, the corresponding figures for dryland hayland 
and dryland cropland are $16.37 and $27*87, respectively. The 
corresponding figures for irrigated hayland and irrigated 
cropland under Model A are $26.01 and $40.12, respectively, 
and under Model Al, $18*85 and $36.80, respectively.^ 
In general, as the price of water increases, the net 
return on irrigated hayland and irrigated cropland decreases. 
Thus, the opportunity cost of not growing irrigated annual 
crops and tame hay decreases. At the same time, the net 
return on dryland hayland and dryland cropland increases and 
the opportunity cost of not growing dryland annual crops and 
dryland tame hay increases. As a result, as the price of 
water increases, land rents for dryland hayland and dryland 
cropland increase and land rents for irrigated hayland and 
2 irrigated cropland decrease. 
^The land rents for a given river basin will not 
necessarily follow this general pattern because the producing 
areas figured into the average shadow price reported will not 
necessarily be the same producing areas or the same number of 
producing areas. 
2 The rents on land used for pasture and wild hay also 
change. These rents, however, are not reported in this study. 
Table 34. Total water supply, total consumptive use and the net water balance in 
the 9 western river basins with C level population, $15.00 water 
prices, trend technology and a free market in 2000 
Water 
from 
inter- Water 
Water basin from 
from natural inter- Total Total Surplus Water 
natural stream basin water consumptive or from 
River basin runoffl flows transfers supply use2 deficit desalting 
(thousand acre feet per year) 
Consumptive use 
Western Basins 239,410 0 0 239,410 85,940 153,470 355 
Missouri 28,600 0 337 28,937 12,505 16,432 0 
Ark.-White-Red 24,390 0 -51 24,339 6,077 18,262 0 
Texas-Gulf 12,210 0 51 12,261 11,913 348 355 
Rio Grande 4,070 0 0 4,070 2,498 1,572 0 
U. Colorado 9,830 -5,277 -337 4,216 1,728 2,488 0 
L. Colorado 2,890 5,277 -3,212 4,955 4,955 0 0 
Great Basin 3,530 0 0 3,530 2,632 898 0 
Col.-N.Pacific 114,190 0 0 114,190 11,154 103,036 0 
Cal.-S.Pacific 39,700 0 3,212 42,912 32,478 10,434 0 
^See Table 8. 
^See Table 33. 
Table 35. Shadow prices of alternative land uses in the 18 river basins with 
C level population, $15.00 water prices, trend technology and a 
free market in 2000 
Dryland Dryland Irrigated Irrigated 
River basin hayland cropland hayland cropland 
(dollars per acre) 
United States 16.37 27.87 18.85 36.80 
New England 0 30.87 — — 
M. Atlantic 1.80 11.65 - -
S. Atlantic-Gulf 8.08 13.55 - -
Great Lakes 19.39 32.65 - -
Ohio 10.09 31.77 - -
Tennessee 7.52 26.39 - -
U. Mississippi 23.80 42.56 - -
L. Mississippi 14.05 29.86 - -
S.-Red-Rainy 14.74 16.81 - -
Missouri 16.04 23.45 16.69 46.72 
Ark.-White-Red 11.67 21.79 11.54 54.14 
Texas-Gulf 9.11 23.02 12.67 12.16 
Rio Grande 13.28 26.45 30.29 30.88 
U. Colorado 25.93 17.89 26.36 21.28 
L. Colorado 0 0 13.35 5.45 
Great Basin 11.68 14.19 7.96 13.53 
Col.-N. Pacific 15.29 32.09 18.39 36.17 
Cal.-S. Pacific 3.63 31.31 23.55 44.29 
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Model A2; free market, C population level, $22.50 water 
prices and trend technology in 2000 
This policy model is the same as Model A except that 
the water price is even higher than under Model Al summarized 
in the previous section. Under Model A2, farmers in the 17 
Western States pay at least $22.50 per acre foot for surface 
runoff used for irrigation or livestock production. 
Total acreage and distribution of dryland and irrigated 
crops Total acreage of dryland annual crops is 0.6 million 
acres more under Model A2 than under Model A (Table 36). 
Acreage of dryland wheat decreases under Model A2. However, 
dryland acreage of all other annual crops increases as compared 
to Model A. Acreages of dryland annual crops in the following 
river basins do not change from Model A: Upper Colorado, 
Lower Colorado and Rio Grande. Compared with Model A, the 
following river basins show a decrease in acreage of dryland 
annual crops; Middle Atlantic, Great Lakes, Upper Mississippi, 
Missouri and Lower Mississippi which has the largest decrease, 
1.1 million acres. All other river basins show an increase 
compared with Model A. In the East, the largest increases 
in dryland acreage of annual crops are in the South Atlantic-
Gulf (0.7 million acres) and the Souris-Red-Rainy (0.8 million 
acres) basins. In the West, the California-South Pacific basin 
has the largest increase, 1.3 million acres. 
River basins with the largest increases in dryland tame 
hay and silages include most river basins above having 
Table 36. Dryland acreages of annual crops in the 18 river basins with C population 
level, $22.50 water prices, trend technology and a free market in 2000 
Total acres Projected 2000 
Corn Srain Soy- Cot- Sugar 
River basin 19641 2000 Wheat grain sorghum Oats Barley beans ton beets 
(003 acres) 
United States 176,379 190,105 47,229 34, 983 25, 502 20, 872 7, 646 48,450 1 *,323 1,100 
New England 37 89 0 0 0 89 0 0 0 0 
M. Atlantic 3,671 5,834 3,033 246 0 8 2, 033 514 0 0 
S. Atlantic-Gulf 10,084 11,542 732 0 2, 017 0 1r 471 7,322 0 0 
Great Lakes 10,513 11,517 1 ,366 3, 853 0 1, 952 178 3,068 0 1,100 
Ohio 16,020 19,335 2,508 10, 246 0 1, 132 166 5,283 0 0 
Tennessee 1,215 1,499 0 0 0 0 0 409 1,090 0 
U. Mississippi 37,849 38,143 3,761 14, 706 2, 738 2, 831 0 14,107 0 0 
L. Mississippi 11,154 13, 188 3,097 1, 070 0 204 0 5,584 : },233 0 
S.-Red-Rainy 9,317 10,003 1,399 172 0 7, 432 0 0 0 0 
Missouri 43,416 36, 570 14,237 1, 945 5, 683 5, 148 1, 252 8,305 0 0 
Ark.-White-Red 18,929 15,313 7,443 1, 745 998 882 387 3,858 0 0 
Texas-Gulf 8,512 15,427 3,303 0 12, 124 0 0 0 0 0 
Rio Grande 374 1,014 0 0 1, 014 0 0 0 0 0 
U. Colorado 167 0 0 0 0 0 0 0 0 0 
L. Colorado 21 0 0 0 0 0 0 0 0 0 
Great Basin 320 636 287 0 0 0 349 0 0 0 
Col.-N. Pacific 4,686 6,675 5,896 0 0 779 0 0 0 0 
Cal.-S. Pacific 94 3,320 167 0 928 415 810 0 0 0 
^Source: (220). 
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decreases in total dryland annual crops; South Atlantic-
Gulf, Great Lakes, Upper Mississippi, Lower Mississippi, 
Missouri, Arkansas-White-Red and Columbia-North Pacific. 
The largest increase is 2.6 million acres in the Missouri 
basin (compare Table 20 with Table 37). Compared to Model 
A, only the Souris-Red-Rainy basin shows a decrease while 
the Tennessee and Rio Grande basins show no change in dryland 
acreage of tame hay and silages. The decrease in the Souris-
Red-Rainy basin is nearly the same as the increase in dryland 
annual crop acres shown in Table 36. Total dryland acreage 
of tame hay and silages under Model A2 exceeds that of Model 
A by 10.3 million acres and that of Model Al by 4.8 million 
acres. Dryland acreages of wild hay and pasture under Model 
A2 change very little from that of Model A (Table 37). 
Under Model A2, the effect of the increase in water price 
on the substitution of dryland production for irrigated 
production is more evident. 
Compared with Model A, irrigated acreage of annual crops 
is 1.1 million acres fewer under Model A2 (Table 38)„ This 
decrease is shared by all annual crops and all river basins 
except the California-South Pacific basin. Compared with 
Model A, dryland production is substituted for irrigated 
production. Also the crop mix changes with dryland and 
irrigated acreages of wheat declining relatively and dryland 
acreage of tame hay and silages increasing relatively. 
Table 37. Dryland acreages of silages, hay and pasture in the 18 river basins with C 
population level, $22.50 water prices, trend technology and a free market 
in 2000 
River basin 
Silages Tame hav . Wild hay Pasture 
1964» 2000 1964* 2000 19641 2000 19642 20003 
(300 acres) 
United States 10,572 15,371 46,675 94,088 9,005 8,981 621,192 929,843 
New England 138 4 1,031 0 0 0 1,551 1,475 
M. Atlantic 1,041 32 4, 289 346 0 0 8,234 9, 156 
S. Atlantic-Gulf 370 1,769 1,675 1,964 0 0 30,314 43,745 
Great Lakes 1,402 868 5,356 8,171 35 31 7,256 9,831 
Ohio 639 456 5,603 5, 436 0 0 21,570 23,828 
Tennessee 102 0 1,025 819 0 0 5,658 6,012 
0. Mississippi 2,786 3,915 8, 785 16,058 357 351 21,150 19,589 
L. Mississippi 121 81 957 2,248 43 42 12,137 24,806 
S.-Red-Rainy 425 1,311 1,282 2,921 771 771 4,224 4,339 
Missouri 2,716 3,988 10,548 35,611 6,234 6,234 169,015 198,279 
Ark.-White-Red 546 2,039 2,819 13,258 1,201 1,199 79,262 100,234 
Texas-Gulf 108 454 1,387 1, 536 141 138 71,139 87,260 
Rio Grande 7 0 32 289 5 2 52,276 76,764 
U. Colorado 9 0 68 1,079 10 8 15,449 46,078 
L. Colorado 2 0 2 0 1 0 44,995 77,851 
Great Basin 34 230 127 328 31 30 16,371 69,687 
Col.-N. Pacific 122 224 1,373 2,861 139 139 35, 555 87,125 
Cal.-S. Pacific 4 0 316 663 37 36 25,036 43,784 
^Source; (220). 
^Source: (220). Public grazing lands not included. 
^Includes 291 million acres of public grazing lands. 
Table 38. Irrigated acreages of annual crops in the 9 western river basins with C 
population level, $22.50 water prices, trend technology and a free market 
in 2000 
Total acres Projected 2300 
River basin 196*1 2000 Wheat 
Corn 
grain 
Grain 
sorghum Oats Barley 
Soy­
beans 
Cot­
ton 
Sugar 
beets 
(000 acres) 
Western Basins 11,242 5,111 1,365 406 2,419 220 295 8 342 56 
Missouri 2,021 671 0 263 324 84 0 0 0 0 
Ark.-White-Red 1,568 1,217 0 61 1,096 16 0 8 36 0 
Texas-Gulf 2,764 358 0 0 819 0 0 0 39 0 
Rio Grande 755 217 0 0 180 33 0 0 4 0 
U. Colorado 86 10 0 6 0 4 0 0 0 0 
L. Colorado 661 0 0 0 0 0 0 0 0 0 
Great Basin 222 37 37 0 0 0 0 0 0 0 
Col.-N. Pacific 918 987 951 36 0 0 0 0 0 0 
Cal.-S. Pacific 2,247 1,114 377 40 0 83 295 0 263 56 
^Source: (220). 
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Irrigated acreage of tame hay and silages decreases severely 
(Table 39). A reduction of 6.4 million acres of tame hay and 
silages occurs under Model A2 (compared with Model A), 
Including wild hay and pasture, irrigated acreage of forages 
declines by 9.0 million under Model A2. In other words, when 
the price of water is raised from the implied level of Model 
A to $22.50 per acre foot under Model A2, irrigated land in 
the 17 Western States decreases by 10.1 million acres. Over 
90 percent of this total decrease takes place in the irrigated 
acreage of forage crops. Considering all forage crops 
irrigated, the following river basins (and amounts) show the 
largest decreases; Missouri (2.5 million acres), Columbia-
North Pacific (2.5 million acres), California-South Pacific 
(1.9 million acres) and Upper Colorado (1.0 million acres). 
The irrigated acreage of fruits, nuts, rice and vegetables 
under Model A2 is the same as for Model A (Table 39). 
The amount of unused land under Model A2 is 3.5 million 
acres fewer than under Model A but the amount of cropland 
available for annual crops shifted to tame hay production is 
about the same (Table 40). Irrigated land decreases by 10.1 
million acres. Again, with the national objective function 
of Model A2, land without irrigation is substituted for water 
and irrigated land as the price of water is increased to 
$22.50 per acre foot. With the decline in yield on formerly 
irrigated land, as compared to Model A, a larger national 
acreage of crops is required to meet the restraints of the 
Table 39. Irrigated acreages of silages, hay, pasture and fruits, nuts, rise and 
vegetables in the 9 western river basins with C population level, $22.50 
water prices, trend technology and a free market in 2000 
River basin 
Silages Tame hav wiia hav Pasture 
Fruits, 
at 
nuts. 
19641 2000 1964» 2000 19641 2000 19641 2000 19641 2000 
(000 acres) 
Western Basins 745 760 6,150 3,736 1,361 502 5,093 2,410 4,096 4,697 
Missouri 301 443 1,345 1, 147 459 209 984 467 34 43 
Ark.-White-Ped 86 144 226 411 16 0 145 84 22 36 
Texas-Gulf 35 7 72 23 0 0 237 0 534 501 
Rio Grande 29 95 286 96 58 0 268 45 227 118 
U. Colorado 15 7 532 0 174 31 580 41 66 5 
L. Colorado 36 0 229 337 4 0 101 5 141 126 
Great Basin 5 0 547 125 293 224 499 188 33 72 
Col.-N. Pacific 93 0 1,596 957 291 38 1,147 859 621 832 
Cal.-S. Pacific 145 64 1,317 590 66 0 1,132 721 2,418 2,964 
»Source: (220). 
Table 40. Unused land and land shifted from annual crops to tame hay production 
in the 18 river basins with C level population, $22.50 water prices, 
trend technology and a free market in 2000 
Unused Unused Total Unused Unused Total Total 
dryland irrigable unused dryland irrigable unused unused Land 
River basin cropland cropland cropland hayland hayland hayland land shifted 
(000 acres) 
United States 2, 944 886 3,830 7,851 1,247 9,098 12,928 49,426 
New England 140 — 140 1,176 — 1,176 1,316 0 
M. Atlantic 77 - 77 3,761 - 3,761 3,838 0 
S. Atlantic-
Gulf 1,651 - 1,651 1,002 - 1,002 2,653 550 
Great Lakes 0 - 0 0 - 0 0 2,575 
Ohio 109 - 109 935 - 935 1,044 414 
Tennessee 158 - 158 633 - 633 791 250 
U. Mississippi 0 - 0 0 - 0 0 6,827 
L, Mississippi 0 - 0 0 - 0 0 1,170 
S.-Red-Rainy 0 - 0 0 - 0 0 1,591 
Missouri 0 0 0 0 0 0 0 24,205 
Ark.-White-Red 101 0 101 40 44 84 185 10,364 
Texas-Gulf 0 0 0 67 22 89 89 38 
Rio Grande 384 240 624 21 120 141 765 123 
U. Colorado 55 20 75 10 157 167 242 565 
L. Colorado 171 596 767 34 57 91 858 182 
Great Basin 6 30 36 21 328 349 385 0 
Col.-N. Pacific 0 0 0 0 0 0 0 537 
Cr».l .-S. Pacific 92 0 92 151 519 670 762 35 
^Cropland presently in land retirement programs or used for annual crop 
production but used for tame hay production in 2000. 
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regional food demand equations. Consequently, the unused 
land category is smaller under Model A2 than under either 
Model Al or Model A. 
Consumptive use and supplies of water Under Model A2, 
total consumptive use of water declines by 25.5 million acre 
feet per year as compared to Model A and is 3.2 million acre 
feet per year fewer than the 1965 actual level (Table 41). 
The following river basins (and amounts) have the largest 
reductions in annual water consumption: California-South 
Pacific (7,2 million acre feet), Columbia-North Pacific 
(5.9 million acre feet), Missouri (5.7 million acre feet) 
and Upper Colorado (2.4 million acre feet). Since only 30.0 
percent of the total water supply is needed under Model A2, 
167.5 million acre feet is surplus (Table 42). None of the 
river basins have water deficits but both the Lower Colorado 
and Texas-Gulf basins have a relative water scarcity. 
Of the 3.7 million acre feet surplus in the Upper Colorado, 
much could be used in the Lower Colorado via the Colorado 
River„ Desalting is still used in water supply region 51 
of the Texas-Gulf basin, under Model A2, to satisfy projected 
nonagricultural water requirements for 2000. A surplus 
exists, however, for the basin as a whole. Under Model A2, 
even the Great Basin has a surplus of 1.0 million acre feet. 
As is true for the previous policy models, the Columbia-North 
Pacific basin has the largest surplus, 104.8 million acre 
feet per year. 
Table 41. Withdrawals and consumptive use of water in the 9 western river basins 
with C population level, $22.50 water prices, trend technology and a free 
market in 2000 
Projected 2000 
River basin Total 
19651 
All 
crops ' Livestock 
Municipal 6 
industrial^ Onsite Other^ 
Total 
2000 
(thousand acre feet per year) 
Withdrawals 
Western Basins 151,733 57,636 1,684 53,605 4,797 2,632 120,354 
Missouri 21,668 7,303 657 6,562 1,086 1,132 16,740 
Ark.-White-Red 10,541 4,356 415 8,515 0 0 13,286 
Texas-Gulf 18,382 4,549 232 16,834 227 0 21,842 
Rio Grande 8,165 2,152 146 1,356 0 0 3,654 
U. Colorado 4,500 240 42 1,104 198 0 1,584 
L. Colorado 7,774 3,303 49 1,414 585 1,500 6,851 
Great Basin 5,730 1,556 2 1,109 1,276 0 3,943 
Col.-N. Pacific 33,191 11,618 63 7,155 0 0 18,836 
Cal.-S. Pacific 41,782 22,559 78 9,556 1,425 0 33,618 
Consumptive use 
Western Basins 75,050 40,946 1,684 22,623 3,981 2,632 71,866 
Missouri 11,822 5,053 657 1,305 1,086 1,132 9,233 
Ark.-White-Red 6, 580 2,966 415 1,429 0 0 4,810 
Texas-Gulf 8,165 3,464 232 7,723 227 0 11,646 
Rio Grande 4,632 1,473 146 616 0 0 2,235 
U. Colorado 2,220 182 42 507 144 0 875 
L. Colorado 3,862 2,304 49 659 351 1,500 4,863 
Great Basin 2, 524 1, 123 2 474 908 0 2,507 
Col.-N. Pacific 11,785 7,664 63 1,670 0 0 9,397 
Cal.-S. Pacific 23,460 16,717 78 8.240 1.265 0 26.300 
^Source: (220, Tables 7-3-U and 7-3-5). 
zincludes rural domestic, municipal, self supplied industrial, recreation, 
mining and thermal electric power. 
^Includes water export to Mexico, depletion of the Upper Milk River by Canada 
and transfer of water from the Missouri river basin into the S.-Red-Rainy basin. 
Table 42. Total water supply, total consumptive use and the net water balance in 
the 9 western river basins with C level population, $22.50 water 
prices, trend technology and a free market in 2000 
Water 
from 
inter- Water 
Water basin from 
from natura1 inter- To ta 1 Tota 1 Surplus Water 
natura1 stream basin water consumptive or from 
River basin runoff1 flows transfers supply useZ deficit desalting 
(thousand acre feet per year) 
Consumptive i use 
Western Basins 239,410 0 0 239,410 71,856 167,544 355 
Missouri 28,600 0 10 23,610 9,233 19,377 0 
Ark.-White-Red 24,390 0 -51 24,339 4,810 19,529 0 
Texas-Gulf 12,210 0 51 12,261 11,646 615 355 
Rio Grande 4,070 0 0 4,070 2,235 1,835 0 
U. Colorado 9,830 -5,277 -10 4,543 875 3,669 0 
L. Colorado 2,890 5,277 -3,304 4,863 4,863 0 0 
Great Basin 3,530 0 0 3,530 2,507 1,023 0 
Col.-N.Pacific 114,190 0 0 114,190 9, 397 104,793 0 
Cal.-S.Pacific 39,700 0 3,304 43,004 26,300 16,704 0 
^See Table 8. 
^See Table 41. 
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Shadow prices of water and land Shadow prices of 
water under Model A2 are reported in Table 26. With the 
even higher price of water under Model A2, less total water 
is consumed and even fewer regions than under Model Al have 
nonzero shadow prices of water. 
Land rents for Model A2 are reported in Table 43. 
Compared with Model A, the rents for dryland hayland and 
dryland cropland are higher while rents for irrigated hayland 
and irrigated cropland are lower. As explained earlier for 
Model Al, this change in rents reflects the increasing 
profitability of dryland production and declining profitabil­
ity of irrigated production as the price of water increases. 
The insertion of a $15.00 water price into the analysis 
(Model Al) causes land devoted to crops without irrigation to 
be substituted for irrigation water and releases 11.4 million 
acre feet of water for other uses. An increase in the water 
price by 50 percent to $22.50 (Model A2) causes, within the 
context of the programming model used, an even greater 
release of water. The 50 percent increase in water price 
under Model A2 pushes water released from agriculture to 25.5 
million acre feet per year, 24.0 percent more than under 
Model Al„ In other words, the same level of national food 
production is attained under the several water prices, but 
as the water price increases, demand for water decreases and 
demand for unirrigated land is augmented. A regional shift 
in crop production into states east of the Missouri River 
Table 43. Shadow prices of alternative land uses in the 18 river basins with 
C level population, $22.50 water prices, trend technology and a 
free market in 2000 
Dryland Dryland Irrigated Irrigated 
River basin hayland cropland hayland cropland 
(dollars per acre) 
United States 20.34 32.95 19.31 37.21 
New England 0 31.00 
M. Atlantic 0.99 16.58 - -
S. Atlantic-Gulf 11.47 16.90 - -
Great Lakes 24.50 38.72 — — 
Ohio 14.54 38.03 — -
Tennessee 11.46 30.32 - -
U. Mississippi 29.15 49.36 - -
L. Mississippi 18.45 36.18 - -
S.-Red-Rainy 18.77 21.29 - -
Missouri 19.90 27.98 18.83 47.19 
Ark.-White-Red 15.28 26.05 13.11 54.97 
Texas-Gulf 12.36 26.06 14.40 13.79 
Rio Grande 18.32 29.31 32.43 27.94 
U. Colorado 30.84 22.04 30.24 20.91 
L. Colorado 0 0 9.19 10.62 
Great Basin 16.49 16.38 10.93 14.80 
Col.-N. Pacific 18.22 37.43 16.30 34.43 
Cal.-S. Pacific 9.16 34.24 25.43 43.73 
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and away from the 17 Western States is furthered as the 
substitution of land for water is extended under the $22.50 
water price. 
Model A3; free market, C population level, $30.00 water 
prices and trend technology in 2000 
Model A3 with a water price of $30.00 represents the 
final variation of Model A. Model A3 and the three previous 
policy models provide points on the agricultural demand 
curve for water in the West. Also the substitution rates 
between water in the West and land employed for rainfed 
crops in the East and the West can be evaluated. 
Total acreage and distribution of dryland and irrigated 
crops Compared with Model A, dryland acreage of wheat 
declines 6.5 million acres under Model A3. Dryland acreage 
remains the same for sugar beets and decreases 1.4 million 
acres for grain sorghum. Dryland acreage of all other 
annual crops is higher (Table 44) than under Model A. A 
substitution of dryland production for irrigated production 
again occurs. Compared with Model A, the following river 
basins have a larger acreage of dryland annual crops under 
Model A3; New England, South Atlantic-Gulf, Ohio, Tennessee, 
Souris-Red-Rainy, Arkansas-White-Red, Great Basin, Columbia-
North Pacific and the California-South Pacific. The Rio 
Grande, Upper Colorado and Lower Colorado basins show no 
change. The following river basins have decreases in dryland 
Table HU. Dryland acreages of annual crops in the 18 river basins with 2 population 
level, $30.00 water prices, trend technology and a free market in 2030 
Total acres Proiegted 2000 
Corn Srain Soy- Cot- Sugar 
River basin 1964^ 2000 Wheat grain sorghum Oats Barley beans ton beets 
(000 acres) 
United States 176, 379 187,741 46,653 35, 562 22, 681 21, 785 7, 458 (*7, 918 4 ,603 1,076 
New England 37 89 0 0 0 89 0 0 0 0 
H. Atlantic 3, 671 5,825 2,954 315 0 10 1, 921 625 0 0 
S. Atlantic-Gulf 10, 084 11,628 781 0 1r 594 0 1, 471 7, 734 43 0 
Great Lakes 10, 513 11,340 1 ,366 3, 853 0 952 202 2, 891 0 1,076 
Ohio 16, 020 19,326 2,623 10, 587 0 If 150 51 4, 915 D 0 
Tennessee 1, 215 1,702 0 0 0 0 0 409 1 ,293 0 
D. Mississippi 37, 849 38,217 3,761 14, 761 2, 738 2, 850 0 14, 107 0 0 
L. Mississippi 11, 154 13,222 3,109 1, 060 0 202 0 5, 534 3 ,267 0 
S.-Red-Rainy 9, 317 9,964 1,399 1, 172 0 7, 393 0 0 0 0 
Missouri 43, 416 36,315 13,350 2, 069 5, 668 5, 671 1, 252 B, 305 0 0 
Ark.-White-Red 18, 929 16,699 7,444 1, 745 2, 390 885 387 3, 348 0 0 
Texas-Gulf 8, 512 11,152 3,303 0 7, 849 0 0 0 0 0 
Rio Grande 374 1,014 0 0 If 014 0 0 0 D 0 
U. Colorado 167 0 0 0 0 0 0 0 0 0 
L. Colorado 21 0 0 0 0 0 0 0 3 0 
Great Basin 320 636 287 0 0 0 349 0 0 0 
Col.-N. Pacific 686 6, 889 6,109 0 0 780 0 0 0 0 
Cal.-S. Pacific 94 3,723 167 0 928 803 1, 825 0 9 0 
I Source: (220). 
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acreage of annual crops; Middle Atlantic, Great Lakes, Upper 
Mississippi, Lower Mississippi and Texas-Gulf. The California-
South Pacific basin has the largest increase in dryland 
acreage of annual crops, 1.8 million acres, and the Texas-
Gulf basin has the largest decrease, 4.3 million acres. 
Locations of annual crop acres under Model A3 are shown 
in Figures 14, 15 and 16. In general, the location of both 
dryland and irrigated wheat is the same as under Model A, 
except that irrigated acreage is less (Figure 14). The 
change between Model A3 and Model A is more apparent for 
feed grains and soybeans. Not only is the number of irrigated 
acres less, but dryland acres are even more concentrated in 
the East, especially in the U-shaped belt running through the 
Corn Belt and Great Lakes and in Texas. Also the dryland 
acreage of annual crops increases significantly over a broad 
area stretching from the Corn Belt to Texas (Figure 15). 
Location of dryland and irrigated cotton and sugar beets is 
nearly identical with Model A (Figure 16). As for the 
previous policy models, the optimal solution under Model A3 
indicates a shift of cotton acreage from the Southwest to the 
Southeast. With a water price of $22.50 per acre foot, the 
shift is augmented as compared to the water price levels of 
other policy models. However, as noted for Model A, an 
optimal land and water use pattern at the national level in 
the year 2000 under assumptions of a free market also 
Ti-
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Figure 14. Location of dryland and irrigated wheat under Model A3 in 2000 
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Figure 15. Location of dryland and irrigated feed grains and soybeans under 
Model A3 in 2000 
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Figure 16. Location of dryland and irrigated cotton and sugar beets under 
Model A3 in 2000 
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specifies a shift of cotton acreage from the Southwest to 
the Southeast. This shift conforms with a reduced use of 
water for cotton production and a greater proportion of this 
crop produced under rainfed conditions as it moves back into 
the Southeast. This pattern is the most efficient national 
use of water and land under the assumptions of Model A3 which 
specify attainment of the Nation's food and fiber needs at 
minimum factor cost (or, from a national standpoint, the 
most profitable production pattern in meeting a specific set 
of demands). 
The solution is most evident for dryland acreage of tame 
hay and silages which increases by 16.4 million acres over 
Model A (Table 45). Both the Souris-Red-Rainy and Arkansas-
White-Red river basins reduce dryland acreages of tame hay 
and silages under Model A3, but both of these basins have a 
higher dryland acreage of annual crops under Model A3 (Table 
44). The Rio Grande and Lower Colorado basins show no change 
from Model A. All remaining basins have a larger dryland 
acreage of tame hay and silages under Model A3. The basins 
with major increases in dryland acreage of tame hay and 
silages (and amounts) are; Texas-Gulf (4.4 million acres), 
Missouri (3.9 million acres), Columbia-North Pacific (2.5 
million acres). Middle Atlantic (1.0 million acres) and the 
Great Lakes (1.0 million acres). The locations of dryland 
and irrigated acreages of hay (tame hay and wild hay) under 
Model A3 are shown in Figure 17. Compared with Model A, 
Table 45. Dryland acreages of silages, hay and pasture in the 18 river basins with C 
population level, $30.00 water prices, trend technology and a free market 
in 2000 
Silages Tame hav Wild hav Pasture 
River basin 19641 2000 19641 2300 19641 2000 19642 20003 
(000 acres) 
United States 10,572 15,871 46,675 99,638 9,005 8 ,983 621,192 929,843 
New England 138 4 1,031 0 0 0 1,551 1,475 
M. Atlantic i,om 40 4, 289 994 0 0 8,234 9, 156 
S, Atlantic^Gulf 370 1,683 1,675 1,964 0 0 30,314 43,745 
Sreat Lakes 1,402 868 5,356 8,348 35 33 7,256 9,831 
Ohio 639 465 5,603 5,436 0 0 21,570 23,828 
Tennessee 102 0 1,025 1,409 0 0 5,658 6,012 
U. Mississippi 2,786 3,922 8,785 15,977 357 351 21,150 19,589 
L. Mississippi 121 47 957 2, 248 43 42 12,137 24,806 
S.-Red-Rainy 425 1,304 1,282 2,967 771 771 4,224 4, 339 
Missouri 2,716 4,233 10,548 36,694 6,234 6 ,234 169,015 198,279 
Ark.-White-Red 546 2,446 2,819 11,469 1,201 1 , 199 79,262 100,234 
Texas-Gulf 108 403 1, 387 5,886 141 138 71,139 87,260 
Rio Grande 7 0 32 289 5 2 52,276 76,764 
U. Colorado 9 0 68 1,079 10 8 15,449 46,078 
L. Colorado 2 0 2 0 1 0 44,995 77,851 
Great Basin 34 230 127 328 31 30 16,371 69,687 
Col.-N. Pacific 122 226 1,373 3,304 139 139 35,555 87,125 
Cal.-S. Pacific 4 0 316 746 37 36 25,036 43,784 
* Source ; (220). 
^Source; (220). Public grazing lands not included. 
^Includes 291 million acres of public grazing lands. 
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Figure 17. Location of dryland and irrigated hays under Model A3 in 2000 
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there is a significant shift of the acreage of hay from the 
states west of the Northern Plains to the Northern Plains 
and western Corn Belt states. Irrigated acreage of hay is 
significantly lower under the higher water price of Model A3. 
Irrigated land under Model A3 is shown in Table 46 for 
annual crops and in Table 47 for tame hay and silages. As 
compared to Model A, irrigated annual crops decline by 2.1 
million acres and irrigated tame hay and silages decline by 
8.6 million acres under Model A3. (See Figures 14, 15, 16 
and 17 for the location of irrigated acreages of annual crops 
and hay under Model A3.) Irrigated acreages of wild hay and 
pasture decline by 4.2 million acres under Model A3 (Table 
47). The location of irrigated acreage of pasture under 
Model A3 (Figure 18) is mainly in California, Idaho, Utah, 
Nebraska and Kansas, essentially the same as under Model A. 
The irrigated acreage of fruits, nuts, rice and vegetables is 
the same as for Model A (Table 47). The largest reductions 
of irrigated acreage of annual crops are in the Missouri, 
Arkansas-White-Red and Columbia-North Pacific river basins. 
For all irrigated hays, silages and pasture, the largest 
acreage reductions are in the following river basins (and 
amounts): Columbia-North Pacific (3.9 million acres), 
Missouri (3.8 million acres) and California-South Pacific 
(2.4 million acres). 
With a water price of $30.00 per acre foot under Model 
A3, total irrigated land in the West declines by 14.9 million 
Table U6. Irrigated acreages of annual crops in the 9 western river basins with C 
population level, $30.00 water prices, trend technology and a free market 
in 2000 
Total acres Projected 2000 
River basin 1964» 2000 Wheat 
Corn 
g'rain 
Srain 
SDcghun Oats Barley 
Soy­
beans 
Cot­
ton 
Sugar 
beets 
(000 acres) 
Western Basins 11,242 4,072 1,161 343 2,125 136 0 8 224 70 
Missouri 2,021 392 0 255 53 84 0 0 0 0 
Ark.-White-Red 1,568 1,214 0 61 1,107 16 0 8 22 0 
Texas-Gulf 2,764 858 0 0 819 0 0 0 39 0 
Rio Grande 755 183 0 0 146 33 0 0 4 0 
0. Colorado 86 0 0 0 0 0 0 0 0 0 
L. Colorado 661 0 0 0 0 0 0 0 0 0 
Great Basin 222 0 0 0 0 0 0 0 0 0 
Col.-N. Pacific 918 784 784 0 0 0 0 0 0 0 
Cal.-S. Pacific 2,247 641 377 32 0 3 0 0 159 70 
^Source ; (220). 
Table 47. Irrigated acreages of silages, hay, pasture and fruits, nuts, rise and 
vegetables in the 9 western river basins with C population level, 830.00 
water prices, trend technology and a free market in 2000 
River basin 
Silaaes Tame hay Wild hav Pas ture 
Fruits, 
et 
nuts. 
1964» 2000 19641 2000 1964» 2300 1964» 2000 1964» 2000 
(000 acres) 
Western Basins 745 687 6,150 1,604 1,361 276 5,093 1,038 4,096 4,697 
Missouri 301 399 1,345 39 5 459 4 984 116 34 43 
Ark.-White-Red 86 144 226 411 16 0 145 80 22 36 
Texas^Gulf 35 7 72 0 0 0 237 0 534 501 
Rio Grande 29 91 286 96 58 0 268 26 227 119 
U. Colorado 15 0 532 0 174 20 580 0 66 5 
L. Colorado 36 0 229 140 4 0 101 0 141 126 
Great Basin 5 0 547 55 293 217 499 131 33 72 
Col.-N. Pacific 93 0 1,596 0 291 35 1, 147 373 621 832 
Cal.-S. Pacific 145 46 1,317 507 66 0 1,132 312 2,418 2,964 
^Source: (220). 
500,000 Acres 
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Figure 18. Location of irrigated pasture under Model A3 in 2000 
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acres and national dryland acreage of all crops increases by 
14.9 million acres, compared with Model A. Excluding wild 
hay and pasture, 14.6 million acres of dryland crops substitute 
for 10.7 million acres of irrigated land and 26.8 million . 
acre feet of water as compared to Model A. 
Unused land under Model A3 is reported in Table 48. 
Total unused land declines by 3.9 million acres between Model 
A and Model A3. Under Model A, over 7 million acres of 
irrigable cropland and irrigable hayland are switched to 
dryland production. Also, 49.3 million acres of cropland 
either currently in land retirement programs or currently 
used for annual crops production is shifted to tame hay 
production in 2000. Under Model A3, compared with Model A, 
an additional 9.7 million acres of irrigable land are switched 
to dryland production and an additional 2.9 million acres of 
cropland are shifted to tame hay production in 2000. 
The Middle Atlantic and South Atlantic-Gulf river basins 
account for more than three-fourths of increased dryland 
acreage of all crops. The Missouri river basin has almost 
one-third of the decrease in irrigated land (4.2 million 
acres) under Model A3. The location of unused land under 
Model A3 is shown in Figure 19. Compared with Model A, 
unused land is more dispersed throughout the southwestern 
United States. 
Table 48. Unused land and land shifted from annual crops to tame hay production 
in the 18 river basins with C level population, $30.00 water prices, 
trend technology and a free market in 2000 
Unused Unused Total Unused Unused Total Total 
dryland irrigable unused dryland irrigable unused unused Land 
River basin cropland cropland ' cropland hayland hayland hayland land shifted 
(000 acres) 
United States 2,786 1,165 3,951 7,082 1,454 8,536 12,487 52,128 
New England 140 — 140 1,176 — 1,176 1,316 0 
M. Atlantic 77 - 77 3,613 - 3,613 3,690 0 
S. Atlantic-
Gulf 1,551 - 1,651 1,002 - 1,002 2,653 550 
Great Lakes 0 - 0 0 - 0 0 2,752 
Ohio 109 - 109 935 - 935 1,044 414 
Tennessee 0 - 0 0 - 0 0 207 
U. Mississippi 0 - 0 0 - 0 0 6,745 
L. Mississippi 0 - 0 0 - 0 0 1,170 
S.-Red-Rainy 0 - 0 0 - 0 0 1,638 
Missouri 0 0 0 0 0 0 0 24,532 
Ark.-White-Red 101 0 101 40 44 84 185 8,575 
Texas-Gulf 0 0 0 67 22 89 89 4,352 
Rio Grande 384 278 662 21 120 141 803 123 
U. Colorado 55 37 92 10 157 167 259 565 
L. Colorado 171 708 879 34 193 227 1,106 71 
Great Basin 5 67 73 21 399 420 493 0 
Col.-N. Pacific 0 0 0 0 0 0 0 399 
Cal.-S. Pacific 92 75 167 163 519 682 849 35 
Cropland presently in land retirement programs or used for annual crop 
production but used for tame hay production in 2000. 
, « 50,000 Picre 
Jigute 1-9-
Xjoca tion 
of unused 
lanà 
unaef MO 
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Consumptive use and supplies of water Compared with 
Model A, total water consumption declines by 36.2 million 
acre feet per year (Table 49). Also, water consumed under 
Model A3 is 13.9 million acre feet per year fewer than the 
actual 1965 level. The largest decreases in agricultural 
water consumption are in the following river basins (and 
amounts); Columbia-North Pacific (9.6 million acre feet), 
California-South Pacific (9.6 million acre feet) and Missouri 
(8.4 million acre feet)* Only 25.5 percent of the total 
water supply in the 17 Western States is consumed in 2000 
under Model A3v In other words, as the price of water is 
increased to $30.00 per acre foot (for surface runoff), 36.2 
million acre feet per year of water are released from 
irrigation and livestock production under Model A and are 
available for other uses. 
As shown in Table 50, 178.3 million acre feet of water 
is surplus under Model A3. None of the river basins have a 
water deficit. However, in water supply region 51 of the 
Texas-Gulf basin, water requirements for municipal and 
industrial uses require water desalting to satisfy total 
requirements. Even the Lower Colorado basin has a water 
surplus of 1.0 million acre feet per year. The Columbia-
North Pacific basin again has the largest surplus, over 
60 percent of the total surplus in the 17 Western States. 
Table 49, Withdrawals and consumptive use of water in the 9 western river basins 
with C population level, $30.03 water prices, trend technology and a free 
market in 2000 
Projected 2000 
River basin Total All Municipal & Total 
1965» crops Livestock industrial^ Onsite Other^ 2000 
(thousand acre feet per year) 
Withdrawals 
Western Basins 151,733 42,304 1,684 53,605 4,797 2 , 6 3 2  105,022 
Missouri 21,668 3,394 651 6,562 1,086 1,132 12,825 
Ark.-White-Red 10,541 4,328 419 8,515 0 0 13,262 
Texas-Gulf 18,382 4,465 232 16,834 227 0 21,758 
Rio Grande 8,165 1,938 170 1,356 0 0 3,464 
U. Colorado 4, 500 50 38 1,104 198 0 1,390 
L. Colorado 7,774 1,614 46 1,414 585 1,500 5,159 
Great Basin 5,730 1,022 2 1,109 1,276 0 3,409 
Col.-N. Pacific 33,191 6,159 59 7,155 0 0 13,37 3 
Cal.-S. Pacific 41,782 19,334 67 9,556 1,425 0 30,382 
Consumptive use 
Western Basins 75,050 30,195 1,684 22,623 3,981 2,632 61,115 
Missouri 11,822 2,322 651 1, 305 1, 086 1,132 6, 496 
Ark.-White-Red 6, 580 2,948 419 1,429 0 0 4,796 
Texas-Gulf 8,165 3,410 232 7,723 227 0 11,592 
Fio Grande 4,632 1,330 170 616 0 0 2,116 
U. Colorado 2,220 37 38 507 144 0 726 
L. Colorado 3, 862 1,107 46 659 351 1,500 3,663 
Great Basin 2, 524 740 2 474 908 0 2, 124 
Col.-N. Pacific 11,785 3,971 59 1,670 0 0 5,700 
Cal.-S. Pacific 23.460 14.330 67 8,240 1,265 0 23.902 
*Source: (220, Tables 7-3-4 and 7-3-5). 
zincludes rural domestic, municipal, self supplied industrial, recreation, 
mining and thermal electric power. 
^Includes water export to Mexico, depletion of the Upper Milk River by Canada 
and transfer of water from the Missouri river basin into the S.-Red-Rainy basin. 
Table 50. Total water supply, total consumptive use and the net water balance in 
the 9 western river basins with C level population, $30.00 water 
prices, trend technology and a free market in 2000 
Water 
from 
inter- Water 
Water basin from 
from natural inter- Total Total Surplus Water 
natural stream basin water consumptive or from 
River basin runoff1 flows transfers supply use^ deficit desalting 
(thousand acre feet per year) 
Consumptive ' use 
Western Basins 239,410 0 0 239,410 61,115 178,295 355 
Missouri 28,600 0 0 28,600 6,496 22,104 0 
Ark.-White-Red 24,390 0 -51 24,339 4,796 19,543 0 
Texas-Gulf 12,210 0 51 12,261 11,592 669 355 
Rio Grande 4,070 0 0 4,070 2,116 1,954 0 
U. Colorado 9,830 -5,277 0 4,553 726 3,827 0 
L. Colorado 2,890 5,277 -3,486 4,681 3,663 1,018 0 
Great Basin 3,530 0 0 3,530 2, 124 1,406 0 
Col.-N.Pacific 114,190 0 0 114,190 5,700 108,490 0 
Cal.-S.Pacific 39,700 0 3,486 43,186 23,902 19,284 0 
^See Table 8. 
^See Table 49. 
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Shadow prices of water and land Shadow prices of 
water under Model A3 are reported in Table 26. Only 12 of 
the 51 water supply regions have a nonzero shadow price 
of water. 
Land rents under Model A3 are summarized in Table 51. 
Under Model A3, the rents for dryland hayland and dryland 
cropland are higher than under Models A, Al or A2. The 
rents for irrigated hayland and irrigated cropland are lower 
than any of the previous policy models. With the high price 
of water under Model A3, the rent on irrigated hayland and 
cropland is sharply reduced while the rent on dryland hayland 
and dryland cropland increases substantially. 
Demand summary 
Figures 20 and 21 and Tables 52 and 53 summarize land 
and water used for agricultural purposes under the four 
policy models of preceding sections (Model A, Model Al, 
Model A2 and Model A3). The results from Model A and the 
three price variation models provide information on (1) the 
agricultural demand curve for water in the 17 Western States 
and (2) the substitutions between land used for rainfed crops 
in the East for water (irrigated production) in thé West and 
rainfed production in the West for irrigated production in 
the West. A third possible substitution, irrigated production 
in the East for irrigated production in the West, is not 
evaluated in the present study. 
Table 51. Shadow prices of alternative land uses in the 18 river basins with 
C level population, $30,00 water prices, trend technology and a 
free market in 2000 
Dryland Dryland Irrigated Irrigated 
River basin hayland cropland hayland cropland 
(dollars per acre) 
United States 20.81 34.38 17.04 35.92 
New England 0 31.89 — — 
M. Atlantic 1.37 17.88 - -
S. Atlantic-Gulf 12.29 18.02 — -
Great Lakes 25.62 40.26 — -
Ohio 15.38 39.70 - -
Tennessee 6.06 32.41 - -
U. Mississippi 30.23 50.89 - -
L. Mississippi 19.27 39.36 - -
S.-Red-Rainy 19.54 22.20 - -
Missouri 20.64 29.08 19.05 42.49 
Ark.-White-Red 15.95 27.25 12.72 50.48 
Texas-Gulf 12.95 27.04 14.48 14.41 
Rio Grande 19.17 30.41 22.55 30.34 
U. Colorado 31.68 22.73 31.07 22.41 
L. Colorado 0 0 3.57 3.57 
Great Basin 17.37 17.09 14.57 17.16 
Col.-N. Pacific 18.45 40.13 14.47 33.67 
Cal.-S. Pacific 10.16 36.11 13.64 45.08 
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Figure 21. Agricultural demand for land in the 31 Eastern States 
Table 52. Acres of dryland crops in the 9 western river basins under alternative 
prices paid for water by farmers in 2000^ 
Change 
Water price Model A 
Present $15.00 $22.50 $30.00 to 
River basin (Model A) (Model Al) (Model A2) (Model A3) Model A: 
(thousand acres) 
Western Basins 133,719 137,591 141,517 144,263 10,544 
Missouri 73,814 75,134 76,169 77,244 3,430 
Ark.-White-Red 29,878 30,071 30,610 30,613 735 
Texas-Gulf 17,327 17,409 17,418 17,442 115 
Rio Grande 1,303 1,303 1,303 1,303 0 
U. Colorado 888 940 1,079 1,079 191 
L. Colorado 0 0 0 0 0 
Great Basin 913 1,153 1,194 1,194 281 
Col.-N. Pacific 7,549 8,946 9,760 10,918 3,369 
Cal.-S. Pacific 2,047 2,635 3,984 4,470 2,423 
Includes wheat, corn grain, grain sorghum, corn and sorghum silage, oats, 
barley, soybeans, cotton, sugar beets and tame hay. Since acreages of dryland 
wild hay and dryland pastures change only slightly from Model A to Model A3, 
they are not included in this table. 
Table 53. Acres of irrigated crops in the 9 western river basins under alternative 
prices paid for water by farmers in 2000^ 
Change 
Water price Model A 
Present $15.00 $22.50 $30.00 to 
River basin (Model A) (Model Al) (Model A2) (Model A3) Model A3 
(thousand acres) 
Western Basins 22,587 17,985 12,519 7,680 -14,907 
Missouri 5,543 4,417 2,936 1,306 -4,237 
Ark.-White-Red 2,533 2,485 1,855 1,848 -685 
Texas-Gulf 1,114 967 888 865 -249 
Rio Grande 899 528 454 396 -503 
U. Colorado 1,139 515 90 20 -1,119 
L. Colorado 548 524 392 144 -404 
Great Basin 1,073 676 574 403 -670 
Col.-N. Pacific 5,452 3,808 2,841 1,192 -4,260 
Cal.-S. Pacific 4,286 4,065 2,489 1,506 -2,780 
^Includes wheat, corn grain, grain sorghum, corn and sorghum silage, oats, 
barley, soybeans, cotton, sugar beets, tame hay, wild hay and pasture. 
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The demand curve for water in the 17 Western States is 
shown in Figure 20.^ Given the points on the curve, and the 
formulation of the policy models which underlie them, an arc 
2 
price elasticity of demand for water can be calculated. 
The arc price elasticity is measured as; 
(= % = °2 - °1 = . & 
'At p„ + Qj ap„ n 
W 
^2 -
^ + ^ 2 
I have drawn the curve in Figure 20 as a smooth curve 
although technically only four points are known on this curve, 
A, Al, A2 and A3. Also, it is not entirely valid to join 
point A with the other three points because the assumptions 
behind Model A are not entirely consistent with the three 
price variation policy models. Recall, that under the price 
variation policy models, farmers must pay at least a certain 
amount for surface runoff water (i.e., $15.00, $22.50 and 
$30.00). Under Model A present prices for water in 2000 are 
assumed. To make Model A completely consistent with the 
price variation policy models, and make the demand curve 
more correct, farmers should have been required to pay at 
least $7.50 per acre foot for water in every water supply 
region. Additional points below point A could then have 
been derived by assuming farmers pay at least $2.50 or $1.50, 
etc. And any point on the curve between Al or A2 or A3 could 
have been specified in a similar manner. The limited time 
available for this study, however, and the extremely high 
cost of solving the programming model used for this study 
lead to a comprise of substituting Model A for a "lower" 
price model. In a technically economic sense, point A in 
Figure 20 lies on a different demand curve. This could 
explain the kink in the curve at point Al. 
The demand curve in Figure 20 expresses the relationship 
between water price and water used in the West for livestock, 
annual crops, tame hay and silages, wild hay and pasture. 
Water for fruits, nuts, rice and vegetables and nonagricul-
tural water requirements are not reported in Figure 20 as 
water used, since the amount for these purposes does not 
vary between the policy models under consideration. 
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where 
is the quantity of water consumed; and 
P is the price of water. 
w 
Measured numerically, the arc elasticity between points 
A1 and A2 is ; 
27.744.419 - 41.818.888 X15.00 - 7.00 
~ 41,818.818 + 27.744.419 X 15.00 + 7.00 
2 / 2 
-14.074.469 18.75 -263.896.294 , , 
7.50 • 34,781.654 " 260,862.405 ~ ^ 
Table 54. Arc elasticity of demand for water for the demand 
curve in Figure 20 
Segment Arc elasticity 
A3 - A^ -1.683 
A^ - A^ -1.012 
A^ - A -0.329 
These elasticities have the following interpretation: 
On the lower portion of the demand curve in Figure 20, a 
1.0 percent increase in the water price is associated with 
a decrease of 0.329 percent in the quantity of water 
consumed (purchased) in agriculture. On the higher portion 
of the demand curve, a 1.0 percent increase in the water 
price results in a decrease of more than 1.0 percent in the 
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quantity of water purchased or consumed. In economic terms, 
the segment of the curve below point Al (Figure 20) is 
inelastic and the portion above is elastic. The curve in 
Figure 20 is a normative demand function expressing the 
response of agriculture to an increase in the price of water 
used for irrigation and livestock production. For a water 
scarce area, a similar curve could be derived to suggest the 
level of water price required to release water for higher 
priority uses. In the optimizing sense of the programming 
model employed, the curve suggests the rate of appropriate 
water pricing policies in potential reallocations of water 
use in the 17 Western States and the reallocation of land use 
both within these States and between them and the rest of 
the Nation. 
As the water price is increased (i.e.. Model Al, Model 
A2 and Model A3), land and its production in the East are 
substituted for water and its production in the West. Also, 
the same type of land-water substitution in the West occurs. 
These two types of substitutions are shown clearly in Figure 
21 and Tables 52 and 53. Movement from right to left along 
the demand curve in Figure 20, (i.e., points A, Al, A2 and 
A3) conforms with movement between the points on the different 
demand curves in Figure 21 (i.e., points Dg, and D^). 
In other words, as the water price in the West rises, the 
demand curve for land used in annual crops and tame hay 
production in the East shifts to the right and 4.0 million 
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acres of dryland production in the East are substituted for 
irrigated production in the West,^ The second substitution, 
dryland production in the West for irrigated production in 
the West, is shown in Tables 52 and 53. As the price of water 
rises, total dryland annual crops and tame hay and silages in 
the West increase by 10.5 million acres. Total irrigated 
acreage of annual crops, tame hay and silages, wild hay and 
pasture decreases by 14.9 million acres. Excluding wild hay 
and pasture, total irrigated acreage decreases by 10.7 
million acres in the West, 
In summary, when the price of water increases to $30.00 
per acre foot, total irrigated land in the West decreases 
14.9 million acres; irrigated acreage of annual crops and 
tame hay and silages decreases by 10.7 million acres. At 
the same time, dryland production of annual crops and tame 
hay increases by 4.0 million acres in the East and by 10.5 
million acres in the West. When one acre is removed from 
irrigated production in the West, on the average, one acre 
of dryland production replaces it. The replacement acre is 
composed of about one-third of an acre in the East and two-
thirds of an acre in the West. This one-to-one substitution 
is possible because (1) the mix of annual crop changes (e.g., 
^Only points D^, D, and in Figure 21 are generated 
from the programming moael. Smooth curves have been drawn 
through each point for illustrative purposes only. In actuality 
the demand curves may be more inelastic than those shown. 
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wheat decreases relative to corn for grain) and (2) the 
relative mix of hays to grain changes. For example, under 
Model A, 6.3 billion bushels of feed grains, 683.9 million 
cwt. of oilmeals, 875.7 million bushels of wheat and 661.8 
million tons of forages (in hay equivalent tons) are used for 
livestock feed (Table C.l). Under Model A3, 6.5 billion 
bushels of feed grains, 596.0 million cwt. of oilmeals, 651.2 
million bushels of wheat and 660.2 million tons of forages 
are used for livestock feed (Table C.4). The results pre­
sented above, however, are normative and assume adjustment 
under complete knowledge on a national optimizing basis. 
Under positive farmer responses in an uncertain world, more 
than one acre of dryland production might be required to 
replace each acre of irrigated production. Also, the one-to-
one relationship above is an average relationship. It does 
not refer to substitution of one acre of irrigated corn for 
one acre of dryland corn or vice versa. It suggests that one 
composite acre of irrigated production (hay, corn, etc.), all 
considered, can be replaced by one composite acre of dryland 
production. 
Model D: free market, B population level, present water 
prices and advanced technology in 2000 
Model D differs from Model A in three respects. First, 
the population in 2000 is assumed to be 325 million (B level) 
rather than 300 million (C level) used for Model A. Second, 
advanced technology is assumed for crops and livestock in the 
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Southeast and for livestock across the entire Nation. In 
general, agriculture in the Southeast is assumed to "catch 
up" to agriculture in the Corn Belt by 2000. For livestock 
in the Nation, average feed conversion rates are assumed to 
approach levels now attained under research conditions and 
the calving rate is assumed to increase considerably.^ Third, 
under Model D, the level of exports of farm products is 
assumed to be nearly twice as high as the 67-59 average 
level incorporated into Model A, Compared with Model A, 
exports of feed grains and wheat are 83.0 percent higher and 
2 
exports of oilmeals are 120.0 percent higher. Thus, the 
combination of a higher population and higher exports under 
Model D increases total demand for agricultural products to 
a maximum foreseeable level. 
Total acreage and distribution of dryland and irrigated 
crops The large increase in demand under Model D results 
in sharply higher farm prices compared with Model A. In 
general, under Model D, prices of crop commodities are about 
50 percent higher and livestock prices are about 12 percent 
higher (Table 83). With the higher demands, especially the 
^See the section on "technological advance" in Chapter 
II for a more complete description of the differences between 
trend technology of Model A and advanced technology of Model D. 
2 
See the section on "projected levels of commodity 
demand" in Chapter II for the actual levels of exports 
assumed under Model D, 
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export demand, total dryland acreage of annual crops 
increases 29.7 million acres or 25.2 percent more than under 
Model A (Table 55)« Dryland acreage of soybeans increases 
by 22.2 million acres, corn for grain increases 12.8 million 
acres and sorghum grain increases 1.4 million acres. Dry­
land acreage of barley decreases 4.2 million acres, oats 
decreases 1.1 million acres and wheat decreases 0.9 million 
acres. The river basins (and amounts) with the largest 
increases in total dryland acreage of annual crops are; 
Missouri (17.7 million acres). Upper Mississippi (5.1 million 
acres), Arkansas-White-Red (4.8 million acres), Souris-Red-
Rainy (3.3 million acres). South Atlantic-Gulf (2.6 million 
acres), Columbia-North Pacific (1*8 million acres) and 
Tennessee (0.5 million acres). The largest decrease in 
total dryland acreage of annual crops is in the Texas-Gulf 
river basin, 5.1 million acres. The remaining river basins 
show relatively small changes from Model A. 
With the higher calving rate assumed for Model D, the 
number of beef cows is 12.0 million head (39.0 percent) 
fewer than under Model A. Although the number of dairy cows 
and fed beef increase due to the higher domestic demands, the 
demand for forages decreases somewhat. As a result, the 
total dryland acreage of tame hay and silages is 18.9 
million acres fewer or 19.1 percent less than under Model A 
(Table 56). (Dryland acreage of tame hay decreases by 20.1 
Table 55. Dryland acreages of annual crops in the 18 river basins with B population 
level, present water prices, advanced technology and a free market in 2000 
River basin 
Total acres Projected 2000 
19641 2000 Wheat 
Corn 
grain 
Grain 
sorghum Oats Barley 
Soy­
beans 
Cot­
ton 
Sugar 
beets 
(000 acres) 
United States 176,379 219,223 52,287 46,360 25,522 19,390 2,846 67,950 3 ,773 1,095 
New England 37 89 0 0 0 89 0 0 0 0 
M. Atlantic 3,671 5,627 2,805 1,099 0 93 731 899 0 0 
S. Atlantic-Gulf 10,084 13,407 0 4,305 1,664 559 0 6,879 0 0 
Great Lakes 10,513 12,633 1,717 3,675 0 1,848 0 4,298 0 1,095 
Ohio 16,020 19,590 1,691 7,859 0 1,015 0 9,025 0 0 
Tennessee 1,215 1,839 0 361 0 27 0 361 1 ,090 0 
U. Mississippi 37,849 44,375 3,761 18,086 1,666 4,329 0 16,533 0 0 
L. Mississippi 11,154 13,933 0 7,193 0 1,420 0 2,949 2 ,371 0 
S.-Red-Rainy 9,317 12,468 10,243 10 0 2,215 0 0 0 0 
Missouri 43,416 54,501 18,012 2,027 10,898 5,687 1,252 16,625 0 0 
Ark.-White-Bed 18,929 21,065 6,187 1,745 1,636 610 194 10,381 312 0 
Texas-Gulf 8,512 10,280 2,564 0 7,716 0 0 0 0 0 
Rio Grande 374 1,014 0 0 1,014 0 0 0 0 0 
U. Colorado 167 0 0 0 0 0 0 0 0 0 
L. Colorado 21 9 9 0 0 0 0 0 0 0 
Great Easin 320 0 0 0 0 0 0 0 0 0 
Col.-N. Pacific 4,686 6, 214 5,131 0 0 1,083 0 0 0 0 
Cal.-S. Pacific 94 2, 179 167 0 928 415 669 0 0 0 
i Source : (220). 
Table 56. Dryland acreages of silages, hay and pasture in the 18 river basins with B 
population level, present water prices, advanced technology and a free 
market in 2000 
River basin 
Silages Tame hav Wild hav Pasture 
19641 2000 19641 2000 19641 2000 19642 20003 
(000 acres) 
United States 10,572 14,871 46,675 65,347 9,005 8,990 621,192 929,464 
New England 138 4 1,031 . 0 0 0 1,551 1,475 
M. Atlantic 1,041 239 4,289 4,146 0 0 8,234 9, 156 
S. Atlantic-Gulf 370 2, 106 1,675 2,124 0 0 30,314 43,745 
Great Lakes 1,402 813 5,356 7,110 35 33 7,256 9,831 
Ohio 639 477 5,603 5,966 0 0 21,570 23,828 
Tennessee 102 70 1,025 1,202 0 0 5,658 6,012 
U. Mississippi 2,786 3,607 8,785 10,134 357 356 21,150 19,589 
L. Mississippi 121 506 957 1,078 43 42 12,137 24,806 
S."Red-Rainy 425 439 1,282 1,329 771 771 4,224 4,339 
Missouri 2,716 4,417 10,548 14,441 6, 234 6,234 169,015 198,279 
Ark.-White-Red 546 1,601 2, 819 7,101 1,201 1,199 79,262 99,855 
Texas-Gulf 108 402 1,387 6,380 141 140 71,139 87,260 
Rio Grande 7 0 32 289 5 2 52,276 76,764 
U. Colorado 9 0 68 666 10 8 15,449 46,078 
L. Colorado 2 0 2 0 1 0 44,995 77,851 
Great Basin 34 99 127 779 31 30 16,371 69,687 
Col.-N. Pacific 122 91 1,373 1,415 139 139 35,555 87,125 
Cal.-S. Pacific 4 0 316 687 37 36 25,036 43,784 
^Source : 
^Source: 
^Includes 
( 2 2 0 )  .  
(220) . Public grazing lands 
291 million acres of public 
not included, 
grazing lands. 
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million acres.) Compared with Model A, the following river 
basins (and amounts) show the largest increases in dryland 
acreage of tame hay and silages ; Texas-Gulf (5.4 million 
acres). Middle Atlantic (4.4 million acres). South Atlantic-
Gulf (1.8 million acres) and Tennessee (0,5 million acres). 
The following river basins (and amounts) show large decreases; 
Missouri (18.2 million acres), Arkansas-White-Red (5.9 million 
acres). Upper Mississippi (5.1 million acres) and Souris-
Red-Rainy (3.2 million acres). Remaining river basins show 
relatively small changes from Model A. Dryland acreages of 
wild hay and pasture are nearly the same as under Model A 
(Table 56), In summary, under Model D, total dryland acreage 
of annual crops increases substantially and total dryland 
acreage of tame hay and silages decreases substantially. 
The increased food and fiber demands and advanced technology 
in the Southeast result in an increase of over 5 million 
acres of dryland annual crops and tame hay in the Southeast 
(South Atlantic-Gulf and Tennessee river basins). 
Total irrigated acreage of annual crops under Model D 
is 2,0 million acres higher than under Model A (Table 57). 
Irrigated acreages of grain sorghum, oats and corn grain 
decline while all other annual crops increase over Model A. 
The largest increases are for irrigated wheat (0.9 million 
acres) and irrigated cotton (0.8 million acres). All river 
basins except the Texas-Gulf and Lower Colorado basins have 
Table 57. Irrigated acreages of annual crops in the 9 western river basins with B 
population level, present water prices, advanced technology and a free 
market in 2000 
River basin 
Total acres Proiected 2000 
1964» 2000 Wheat 
Corn 
grain 
Grain 
sorghum Oats Barley 
Soy­
beans 
Cot­
ton 
Sugar 
beets 
(000 acres) 
Western Basins 11,242 8, 114 2,401 881 2,249 391 428 444 1,180 140 
Missouri 2,021 1,291 114 467 64 202 0 444 0 0 
Ark.-White-Red 1,568 2,012 0 295 1,650 16 0 0 51 0 
Texas-Gulf 2,764 794 0 0 126 0 0 0 668 0 
Rio Grande 755 413 0 0 180 25 0 0 208 0 
U. Colorado 86 174 0 0 0 0 104 0 0 70 
L, Colorado 661 197 0 0 0 0 197 0 0 0 
Great Basin 222 213 86 0 0 0 127 0 0 0 
Col.-N. Pacific 918 1,920 1,801 56 0 63 0 0 0 0 
Cal.-S. Pacific 2,247 1,100 400 63 229 85 0 0 253 70 
1 Source; (220) . 
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a larger total irrigated acreage of annual crops under Model 
D„ The largest increase in irrigated acreage of annual crops 
is in the Great Basin river basin (1.8 million acres). 
Total irrigated acreage of tame hay and silages under 
Model D declines only slightly from Model A (0.8 million 
acres; Table 58). The total irrigated acreage of tame hay 
and silages increases the most in the Missouri river basin 
(Ou3 million acres) and decreases the most in the Columbia-
North Pacific river basin (0,7 million acres). Irrigated 
acreages of wild hay and pasture under Model D are nearly 
the same as under Model A (Table 58). 
Under Model D, only 4.5 million acres of land remain 
unused (Table 59). Nearly 50 percent of the unused land is 
in the Great Lakes river basin and northeastern United States. 
Thus, nearly 12 million acres more of land are used for 
annual crops and tame hay under Model D compared with Model 
A. Also, under Model D, 28.3 million acres fewer of cropland 
are shifted to tame hay production. And 0.5 million acres 
fewer of irrigable land are switched to dryland production 
under Model D. Thus, the increased domestic and export 
demands under Model D leave only a small amount of unused 
land in 2000. 
Consumptive use and supplies of water Compared with 
Model A, total water consumed increases by 3.6 million acre 
feet per year (3.7 percent). Water consumed by nonagricultural 
Table 58. Irrigated acreages of silages, hay, pasture and fruits, nuts, rice and 
vegetables in the 9 western river basins with B population level, present 
water prices, advanced technology and a free market in 2000 
River basin 
Silaaes Tame hay Wild hav Pasture 
Fruits, 
etc 
nuts, 
1964» 2000 19641 2000 19641 2000 19641 2000 19641 2000 
(000 acres) 
Western Basins 7«5 902 6,150 9,195 1,361 1,247 5,093 4,108 4,096 5,102 
Missouri 301 439 1,345 3,340 459 421 984 882 34 47 
Ark.-White-Bed 86 268 226 269 16 8 145 129 22 39 
Texas-Gulf 35 1 72 39 0 0 237 127 534 544 
Rio Grande 29 78 286 271 58 57 268 227 227 128 
U. Colorado 15 0 532 434 174 174 580 580 66 5 
L. Colorado 36 0 229 234 4 0 101 5 141 137 
Great Basin 5 0 547 423 293 283 499 188 33 78 
Col.-N. Pacific 93 25 1,596 2,038 291 290 1,147 1,249 621 904 
Cal.-S. Pacific 145 91 1,317 2,147 66 14 1,132 721 2,418 3,220 
1 Source; (220). 
Table 59. Unused land and land shifted from annual crops to tame hay production 
in the 18 river basins with B level population, present water prices, 
advanced technology and a free market in 2000 
Unused Unused Total Unused Unused Tota 1 Total 
dryland irrigable unused dryland irrigable unused unused Land 
River basin cropland cropland ' cropland hayland hayland hayland land shifted 
(000 acres) 
United States 866 520 1,386 2,545 525 3,070 4,456 21,001 
New England 140 — 140 1,176 — 1,176 1,316 0 
M. Atlantic 77 - 77 461 - 461 538 0 
S. Atlantic-
Gulf 0 - 0 292 - 292 292 2 
Great Lakes 0 - 0 0 - 0 0 1,514 
Ohio 0 - 0 239 - 239 239 249 
Tennessee 0 - 0 0 - 0 0 0 
U. Mississippi 0 - 0 0 - 0 0 902 
L. Mississippi 0 - 0 0 - 0 0 0 
S.-Red-Rainy 0 - 0 0 - 0 0 0 
Missouri 0 0 0 0 0 0 0 5,991 
Ark.-White-Red 0 0 0 254 0 254 254 4,235 
Texas-Gulf 0 0 0 0 0 0 0 5,315 
Rio Grande 384 0 384 21 8 29 413 185 
U. Colorado 55 0 55 10 0 10 65 429 
L. Colorado 162 510 672 34 98 132 804 71 
Great Basin 6 10 16 4 208 212 228 610 
Col.-N. Pacific 0 0 0 0 0 0 0 265 
Ca].-S. Pacific 42 0 42 54 211 265 307 1,235 
^Cropland presently in land retirement programs or used for annual crop 
production but used for tame hay production in 2000. 
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intake uses (municipal and industrial) increases 1.9 million 
acre feet per year (Table 60). Forty-two percent of the 
total water supply is consumed under Model D. 
With the higher water consumption under Model D, there 
is a water scarcity in the Rio Grande, Upper Colorado, Lower 
Colorado and Great Basin river basins (Table 61). However, 
the Upper Colorado river basin releases 5.3 million acre feet 
of water into the Lower Colorado river basin. The Texas-
Gulf river basin still is water deficit due to the large 
nonagricultural water demand in water supply region 51. 
Shadow prices of water and land Shadow prices of 
water under Model D are reported in Table 26. In general, 
they are higher than under Model A but lower than under Model 
C. The highest shadow price of water is $100.00 in water 
supply region 51 which is equal to the cost of water 
desalting. The next highest shadow price of water is in 
water supply region 42, the Amarillo, Texas area. The high 
shadow price in this region is a result of the competition 
between water required by nonagricultural uses and water 
for fed beef production. The smaller amount of water 
available for the larger beef demands of Model D increases 
the opportunity cost and, hence, the shadow price in this 
region. The higher shadow prices of water in other regions 
reported in Table 26 also are a result of the increased food 
and fiber demands under Model D. 
Table 60. Withdrawals and consumptive use of water in the 9 western river basins 
with E population level, present water prices, advanced technology and a 
free market in 2000 
Projected 2000 
River basin Total All Municipal G Total 
19651 crops Livestock industrials Onsite Others 2000 
(thousand acre feet per year) 
Withdrawals 
Western Basins 151,733 95,983 1,634 58,234 4,797 2,632 163,280 
Missouri 21,668 17,661 538 7,129 1,086 1,132 27,546 
Ark.-White-Ped 10,541 6,390 387 9,250 0 0 16,027 
Texas-Gulf 18,382 5,776 239 18,288 227 0 24, 530 
Rio Grande 8, 165 4,653 186 1,473 0 0 6,312 
U. Colorado 4,500 4,170 58 1,199 198 0 5,625 
L. Colorado 7,774 3,120 54 1,536 585 1,500 6,795 
Great Basin 5,730 2,831 2 1,205 1,276 0 5,314 
Col.-N. Pacific 33,191 20,633 54 7,773 0 0 28,460 
Cal.-S. Pacific 41,782 30,749 116 10,381 1,425 0 42,671 
Consumptive use 
Western Basins 75,050 68,073 1,634 24,578 3,981 2,632 100,898 
Missouri 11,822 11,959 538 1,418 1, 086 1,132 16,133 
Ark.-White-Red 6,580 4,312 387 1,552 0 0 6, 251 
Texas-Gulf 8, 165 4,285 239 8,391 227 0 13,142 
Rio Grande 4,632 3,211 186 669 0 0 4,066 
U. Colorado 2,220 3, 156 58 550 144 0 3,908 
L. Colorado 3,862 2, 144 54 716 351 1,500 4,765 
Great Basin 2,524 2,105 2 515 908 0 3, 530 
Col.-N. Pacific 11,785 13,473 54 1,815 0 0 15,342 
Cal.-S. Pacific 23.460 23.428 116 9,952 1,265 0 33,76 1 
^Source; (220, Tables 7-3-4 and 7-3-5). 
^Includes rural domestic, municipal, self supplied industrial, recreation, 
mining and thermal electric power. 
^Includes water export to Mexico, depletion of the Upper Milk River by Canada 
and transfer of water from the Missouri river basin into the S.-Red-Rainy basin. 
Table 61. Total water supply, total consumptive use and the net water balance in 
the 9 western river basins with B level population, present water 
prices, advanced technology and a free market in 2000 
Water 
from 
inter- Water 
Water basin from 
from natural inter- Total Total Surplus Water 
natural stream basin water consumptive or from 
River basin runoffl flows transfers supply use deficit desalting 
(thousand acre feet per year) 
Consumptive i use 
Western Basins 239,410 0 0 239,410 100,898 138,512 891 
Missouri 28,600 0 337 28,937 16,133 12,804 0 
Ark.-White-Red 24,390 0 -51 24,339 6,251 18,088 0 
Texas-Gulf 12,210 0 51 12,261 13,142 -881 891 
Rio Grande 4,070 0 0 4,070 4,066 4 0 
U, Colorado 9,830 -5,277 -337 4,216 3,908 308 0 
L, Colorado 2,890 5,277 -3,402 4,765 4,765 0 0 
Great Basin 3,530 0 0 3,530 3,530 0 0 
Col.-N.Pacific 114,190 0 0 114,190 15,342 98,848 0 
Cal.-SwPacific 39,700 0 3,402 43,102 33,761 9,341 0 
^See Table 8. 
^See Table 60. 
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Land rents for Model D are reported in Table 62. In 
general, they are twice as high as under Model A. As noted 
above, the large food and fiber demands under Model D result 
in farm prices substantially above those of Model A. These 
higher prices are a result of the higher production costs 
associated with the larger quantity of marginal lands that 
must be farmed. These higher prices also increase the net 
return and, hence, the rent on higher quality lands. 
Under Model A, the rent on irrigated cropland in the 
Columbia-North Pacific is $54.24 per acre. Under Model D, 
the rent is $135.89 per acre. Earlier, the capitalized value 
of this land under Model A was estimated at $690, assuming 
land taxes of $5.00 per acre and a capitalization rate of 7 
percent. Under Model D, the capitalized value of irrigated 
land in this river basin rises to $1855 per acre. Thus, with 
the much larger food and fiber demands under Model D in 2000, 
sharply higher land values would result. 
Supply potential and policy alternatives The 
projections to 2000 under Model D indicate a much smaller 
water and land surplus than under Model A. Farm commodity 
prices rise substantially with only 4.5 million acres of 
unused land in 2000. As summarized in Chapter I, other 
researchers have estimated that from 50 to 150 million acres 
of new land could be brought into production if necessary. 
The farm price levels under Model D would encourage reclamation 
and development of these new lands. 
Table 62. Shadow prices of alternative land uses in the 18 river basins with 
B level population, present water prices, advanced technology and 
a free market 
Dryland Dryland Irrigated Irrigated 
River basin hayland cropland hayland cropland 
(dollars per acre) 
United States 31.84 67.22 50.43 81.59 
New England 0 53.01 — — 
M. Atlantic 7.63 59.71 - — 
S. Atlantic-Gulf 13.88 80.05 - — 
Great Lakes 45.21 76.28 - -
Ohio 27.23 79.21 - -
Tennessee 13.93 76.86 - -
U. Mississippi 47.01 87.87 - -
L. Mississippi 17.67 97.67 - -
S.-Red-Rainy 33.65 42.46 -' -
Missouri 33.55 51.26 46.33 82.94 
Ark.-White-Red 27.79 48.70 29.86 88.48 
Texas-Gulf 23.06 47.98 35.76 40.61 
Rio Grande 35.75 48.83 59.28 62.73 
U. Colorado 47.08 35.72 49.41 70.77 
L. Colorado 0 6.25 15.96 10.51 
Great Basin 29.21 30.99 24.50 40.79 
Col.-N. Pacific 27.90 80.39 65.19 135.89 
Cal.-S. Pacific 20.73 69.22 51.03 93.82 
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Even with the large food and fiber demands under Model 
D, total irrigated acreage of 28.6 million acres is less 
than the estimated .1969 level of 38.5 million acres. Only 
42.0 percent of the total water supply is consumed, although 
four river basins are relatively water scarce and one river 
basin, the Texas-Gulf basin, is water deficit. Thus, 
additional water demands could be satisfied in many of the 
river basins. 
Model D incorporates domestic and foreign demands at a 
maximum foreseeable level. It also incorporates an 
accelerated rate of technological advance for crops and 
livestock in the Southeast and for livestock across the 
entire Nation. Although nearly all the land presently cropped 
is used, a considerable amount of water still is surplus. 
But current population trends and concern over the 
environment as well as the "green revolution" tend to negate 
these assumptions and make a lower population and much lower 
level of exports of farm products much more realistic. Hence, 
the next policy model evaluated incorporates a level of 
population even lower than that of Model A. 
Model B: free market, D population level, present water 
prices and trend technology in 2000 
This is the sixth and final free market policy model 
analyzed. It is the same as Model A except a population of 
279 million people (D level) is used for the year 2000. 
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Total acreage and distribution of dryland and irrigated 
crops With a lower population in 2000 (279 million as 
compared to 300 million under Model A and its variants), 
acreage of dryland annual crops decreases by 12.2 million 
acres or by 6.4 percent (Table 63). Dryland acreage of 
wheat, however, increases 4.9 million acres. Dryland acreage 
of oats decreases by 9,0 million acres, corn for grain 
decreases by 3.6 million acres, soybeans decrease by 3.1 
million acres and grain sorghum decreases by 1.7 million 
acres as compared with Model A. More wheat is used for 
livestock feed under Model B than under Model A (Table C.5). 
Thus, dryland acreage of wheat increases and dryland acreage 
of other grains decreases. The following river basins have 
the largest decreases in dryland acreage of annual crops; 
Missouri, Upper Mississippi, Middle Atlantic, South 
Atlantic-Gulf, Texas-Gulf, Ohio and Arkansas-White-Red. The 
Souris-Red-Rainy basin has an increase in acreage of dryland 
annual crops. The New England, Lower Mississippi, Rio Grande, 
Upper Colorado, Lower Colorado, Columbia-North Pacific, 
Great Basin, Tennessee, Great Lakes and California-South 
Pacific basins have relatively little or no change compared 
with Model A. 
Under Model B, the decline in dryland acreage of tame 
hay and silages is 22.5 million acres or 20.8 percent less 
(Table 64). The Missouri river basin has a decrease of 13.3 
Table 63. Dryland acreages of annual crops in the 18 river basins with D population 
level, present water prices, trend technology and a free market in 2000 
Total acres Projected 2000 
Corn Srain Soy- Cot- Sugar 
River basin 1964^ 2000 Wheat grain sorghum Oats Barley beans ton beets 
(000 acres) 
United States 1 7 6 , 3 7 9  1 7 7 , 3 6 3  5 8 ,  0 5 2  2 9 ,  9 4 1  2 2 ,  3 4 8  1 1 f  5 1 5  7 ,  6 3 6  4 2 , 6 9 7  4  , 0 5 4  1 , 1 2 0  
New England 3 7  8 3  0  0  0  8 3  0  0  0  0  
M. Atlantic 3 , 6 7 1  4 ,  2 3 1  2 ,  7 1 7  0  0  0  1 ,  5 1 4  0  0  0  
S. Atlantic-Gulf 1 0 , 0 8 4  9 ,  3 0 2  1 0 4  0  8 7 6  0  2 ,  0 1 0  6 , 3 1 2  0  0  
Great Lakes 1 0 , 5 1 3  1 2 , 0 7 6  1 ,  5 3 3  3 ,  6 5 4  0  1 r  6 9 3  5 4 7  3 , 5 2  9  0  1 , 1 2 0  
Ohio 1 6 , 0 2 0  1 8 , 1 5 8  2 ,  6 3 6  8, 3 3 3  0  8 4 7  0  6 , 3 4 2  0  0  
Tennessee 1 , 2 1 5  1 , 0 9 0  0  0  0  0  0  0  1  , 0 9 0  0  
U. Mississippi 3 7 , 8 4 9  3 7 , 0 5 3  3 ,  7 6 1  1 5 ,  1 8 1  2 ,  7 3 8  2 ,  9 5 8  0  1 2 , 4 1 5  0  0  
L. Mississippi 1 1 , 1 5 4  1 4 , 2 5 2  5, 4 0 2  0  0  0  0  5 , 8 8 6  2  , 9 6 4  0  
S.-Red-Rainy 9 , 3 1 7  1 0 , 2 9 5  1 0 ,  1 4 7  2 2  0  1 2 6  0  0  0  0  
Missouri 4 3 , 4 1 6  3 3 , 1 9 4  1 2 ,  3 3 9  1 r  0 0 6  6 ,  7 2 9  4 ,  2 9 5  1 ,  2 5 2  7 , 5 7 3  0  0  
Ark.-White-Red 1 8 , 9 2 9  1 4 , 4 4 4  1 0 ,  2 4 7  1 r  7 4 5  7 8 1  6 4 4  3 8 7  6 4 0  0  0  
Texas-Gulf 8 , 5 1 2  1 3 , 9 5 6  3, 2 9 6  0  9, 2 8 2  0  1 ,  3 7 8  0  0  0  
Rio Grande 3 7 4  1 , 0 1 4  0  0  1 ,  0 1 4  0  0  0  0  0  
U. Colorado 1 6 7  0  0  0  0  0  0  0  0  0  
L. Colorado 2 1  0  0  0  0  0  0  0  0  0  
Great Basin 3 2 0  5 2 9  3 1 0  0  0  0  2 1 9  0  0  0  
Col.-N. Pacific 4 , 6 8 6  6 , 0 6 5  5, 3 8 0  0  0  6 8 5  0  0  0  0  
Cal.-S. Pacific 9 4  1 , 6 2 1  1 8 0  0  9 2 8  1 8 4  3 2 9  0  .  0  0  
1 Source; (220). 
Table 64, Dryland acreages of silages, hay and pasture in the 19 river basins with D 
population level, present water prices, trend technology and a free market 
in 2000 
Silages Tame hay Wild hav Pasture 
Rivei basin 19641 2000 19641 2000 19641 2000 19642 20003 
(000 acres) 
United States 10,572 11,641 46,675 66,217 9,005 7,709 621,192 929,117 
New England 138 0 1,031 0 0 0 1,551 1,475 
M. Atlantic 1,041 0 4,289 0 0 0 8,234 9, 156 
S. Atlantic-Gulf 370 639 1,675 620 0 0 30,314 43,745 
Great Lakes 1,402 714 5,356 5,912 35 28 7,256 9,831 
Ohio 639 348 5, 603 2,393 0 0 21,570 23,828 
Tennessee 102 0 1,025 594 0 0 5,658 6,012 
U. Mississippi 2,786 3,915 8,785 16,086 357 178 21, 150 19,589 
L. Mississippi 121 0 957 995 43 0 12,137 24,806 
S.-Red-Rainy 425 22 1,282 3,864 771 769 4,224 4, 110 
Missouri 2,716 3,691 10,548 20,329 6,234 5,891 169,015 198,279 
Ark.-White-Red 546 1,612 2,819 11,778 1,201 577 79,262 100,234 
Texas-Gulf 108 317 1,387 997 141 51 71,139 87,260 
Rio Grande 7 0 32 258 5 2 52,276 76,764 
U. Colorado 9 0 68 813 10 8 15,449 45,877 
L. Colorado 2 0 2 0 1 0 44,995 77,851 
Great Basin 34 292 127 0 31 30 16,371 69,687 
Col.-N. Pacific 122 91 1,373 1,578 139 139 35, 555 87,125 
Cal.-S. Pacific 4 0 316 0 37 36 25,036 43,488 
T  '  t  . 1 1  •  J 
^Source; (220). 
^Source: (220). Public grazing lands not included. 
^Includes 291 million acres of public grazing lands. 
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million acres of dryland tame hay and silages, the Ohio basin 
a decrease of 3.1 million acres, the Great Lakes basin a de­
crease of 1.6 million acres, the South Atlantic-Gulf and 
Souris-Red-Rainy basins each decreases of 1.1 million acres, 
the Arkansas-White-Red has a decrease of 1.8 million acres and 
the Texas-Gulf basin a decrease of 0.6 million acres, compared 
with Model A. The Upper Mississippi basin shows an increase of 
1.0 million acres of dryland tame hay and silages. The remain­
ing river basins show relatively little or no change from Model 
A. 
Total irrigated acreage of annual crops under Model B is 
nearly the same as under Model A (Table 65). This constancy 
in irrigated acreage, as compared to Model A, is possible 
because of the lower population used in Model B and a conforming 
reduction in water needed for municipal and industrial (nonagri-
cultural) uses. At the same time that more water is available 
for agricultural uses, the relative availability of land under 
rainfed production is increased in both the East and the West. 
Total irrigated acreage of tame hay and silages is 1.1 
million acres fewer than under Model A (Table 66) and the 
decrease is spread uniformly over the 9 western river basins. 
Total irrigated acreages of wild hay and pasture are nearly 
the same as under Model A« The irrigated acreage of fruits, 
nuts, rice and vegetables declines slightly because of the 
smaller population (Table 66). Under Model B, the large 
Table 65. Irrigated acreages of annual crops in the 9 western river basins with D 
population level, present water prices, trend technology and a free market 
in 2000 
Piver basin 
Total acres Proiected 2000 
19641 2000 Wheat 
Corn 
grain 
Grain 
sorghum Oats Barley 
Soy­
beans 
Cot­
ton 
Sugar 
beets 
(000 acres) 
Western Basins 11,242 6,113 1,420 856 2,406 454 601 0 376 0 
Missouri 2,021 674 0 363 53 258 0 0 0 0 
Ark."White-Red 1, 568 1,659 0 295 1,297 16 0 0 51 0 
Texas-Gulf 2,764 857 0 0 818 0 0 0 39 0 
Bio Grande 755 217 0 0 180 33 0 0 4 0 
U. Colorado 86 134 0 28 0 20 86 0 0 0 
L. Colorado 661 331 28 0 0 0 303 0 0 0 
Great Basin 222 78 37 0 0 0 41 0 0 0 
Col.-N, Pacific 918 1,140 991 107 0 42 0 0 0 0 
Cal.-S. Pacific 2,247 1,023 364 63 58 85 171 0 282 0 
1 Source; (220) . 
Table 66. Irrigated acreages of silages, hay, pasture and fruits, nuts, rice and 
vegetables in the 9 western river basins with D population level, present 
water prices, trend technology and a free market in 2000 
River basin 
Silaqes Tame hav Will hav Pasture 
Fruits, 
et 
nuts. 
19641 2000 19641 2000 19641 2000 19641 2000 19641 2000 
(000 acres) 
Western Basins 745 1,062 6,150 8,734 1,361 1,247 5,093 4,444 4,096 4, 385 
Missouri 301 487 1,345 2,905 459 417 984 882 34 40 
Ark.-White-Red 86 260 226 472 16 8 145 129 22 34 
Texas-Gulf 35 7 72 55 0 0 237 88 534 468 
Rio Grande 29 95 286 96 58 57 268 232 227 110 
U. Colorado 15 22 532 161 174 174 580 580 66 5 
L. Colorado 36 0 229 173 4 0 101 64 141 118 
Great Basin 5 0 547 551 293 287 499 188 33 67 
Col.-N. Pacific 93 99 1,596 2,303 291 290 1,147 1,249 621 777 
Cal.-S. Pacific 145 92 1,317 2,018 66 14 1,132 1,032 2,418 2,766 
^Source: (220). 
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decrease in crop and hayland requirements (and thus a large 
increase in unused land) indicates the sensitivity of farm 
output to livestock feed requirements and total food needs 
as related to population. Under Model B, the number of beef 
cows is 5.6 million fewer than under Model A (Table 82). 
Production of other livestock also is lower, as are food and 
industry requirements generally. In total, 34.6 million 
acres fewer of crop and hayland are needed for the smaller 
population in 2000 under Model B. 
There is a total of 51.0 million acres of unused crop 
and hayland with the 279 million population of Model B 
(Table 67). Of the total unused land, 25.6 million acres 
are available for annual crop or tame hay production and an 
additional 25.3 million acres are available for tame hay 
production only. 
The greatest change is in the Missouri basin where 17.1 
million acres of crop and hayland are unused under Model B 
compared with 0.4 million acres unused under Model A. This 
large change can be attributed to the decrease of 13.0 
million acres in dryland tame hay and silages noted 
previously. The South Atlantic-Gulf basin has 7.4 million 
acres unused. Middle Atlantic basin 6.3 million acres unused 
and Ohio basin 5.4 million acres unused under Model B. 
Together these four river basins account for over 70 percent 
of the total unused crop and hayland. Compared with Model A, 
Table 57. Unused land and land shifted from annual crops to tame hay production 
in the 18 river basins with D level population, present water prices, 
trend technology and a free market in 2000 
Unused Unused Total Unused Unused Total Total 
dryland irrigable unused dryland irrigable unused unused Land 
River basin cropland cropland cropland hayland hayland hayland land shifted 
(000 acres) 
United States 24,934 704 25,638 23,480 1,839 25,319 50,957 42,823 
New England 150 — 150 1,176 — 1,175 1,326 0 
M. Atlantic 1,711 - 1,711 4,507 - 4,507 5,318 0 
S. Atlantic- 0 
Gulf 5,066 - 5,066 2,301 - 2,301 7,367 507 
Great Lakes 370 - 370 1,481 - 1,481 1,851 1,798 
Ohio 1,479 - 1,479 3,894 - 3,894 5,373 330 
Tennessee 414 - 414 1,012 - 1,012 1,425 404 
U. Mississippi - - 0 1,062 - 1,062 1,052 7,916 
L. Mississippi 26 - 26 243 - 243 259 161 
S.-Red-Rainy 21 - 21 32 - 32 53 2,568 
Missouri 12,401 0 12,401 4,605 141 4,745 17,147 15,340 
Ark.-White-Red 943 0 943 1,211 188 1,399 2,342 10,251 
Texas-Gulf 1,282 0 1,282 876 49 925 2,207 395 
Rio Grande 384 240 624 40 132 172 796 123 
U. Colorado 100 16 115 15 75 91 207 385 
L, Colorado 171 353 534 34 172 206 740 84 
Great Basin 10 0 10 57 224 281 291 115 
Col.-N. Pacific 0 0 0 390 37 427 427 1,051 
Cal.-S. Pacific 405 85 491 444 820 1,264 1,755 1,384 
Cropland presently in land retirement programs or used for annual crop 
production but used for tame hay production in 2000. 
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0,3 million acres more of irrigable land are switched to 
dryland production but 6.5 million acres fewer of land 
either currently in land retirement programs or currently 
used for annual crops production are shifted to tame hay 
production. 
The location of unused land under Model B is shown in 
Figure 22. Compared with Model A, much more unused land is 
located along the Eastern Seaboard and in the southwestern 
United States. In addition, there is a concentration of 
unused land in a belt extending from Texas to North Dakota 
and South Dakota as the acres of unused land increase under 
the smaller food and fiber requirements of Model B. 
With a population of only 279 million in the year 2000, 
the surplus capacity of agriculture promises to approach 
that of the 1951-70 period, when an annual average of 56 
million acres of cropland were idle under federal supply 
control programs. While a reduced population growth rate is 
posed by some as a necessary future means to retain 
environmental quality, the lower food demand would pose a 
long-run continuation of price and income problems for the 
agricultural sector. However, with the 51.0 million acres 
of land not needed to meet food demand for a population of 
279 million in 2000, capacity exists to alter land and water 
use for agriculture so that this sector does not add to 
environmental deterioration even under a population 
considerably greater than at the present. 
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Figure 22. Location of unused land under Model B in 2000 
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Consumptive use and supplies of water Projected 
withdrawals and consumptive use of water under Model B are 
shown in Table 68. Compared with Model A, total water 
consumed is 5.3 million acre feet per year fewer or 5.4 
percent less. Only 38.4 percent of the total estimated water 
supply is consumed. And none of the river basins are water 
deficit (Table 69). The Texas-Gulf basin, a water deficit 
area under Model A, has a surplus of 0.9 million acre feet 
per year under Model B. Both the Great Basin and the Lower 
Colorado basins, however, have a relative water scarcity. 
The Upper Colorado basin has a surplus of 1.3 million acre 
feet and again could supply the Lower Colorado basin via the 
Colorado River. The Great Basin basin is near the Columbia-
North Pacific basin which has the largest surplus of any 
river basin, 100.0 million acre feet per year. Under Model 
B, a total of 147.4 million acre feet per year of water is 
surplus in the 9 western river basins. 
Shadow prices of water and land Shadow prices of 
water under Model B are reported in Table 26. In general, 
the shadow prices of water are lower than under Model A. 
With the reduced food and fiber demands under Model B, more 
land is in surplus, farm commodity prices are lower and the 
opportunity cost or value of water is reduced. Even in the 
water scarce river basins, the Great Basin and Lower Colorado, 
the shadow price of water is reduced. Thus, the feasibility 
Table 68. Withdrawals and consumptive use of water in the 9 western river basins 
with D population level, present water prices, trend technology and a free 
market in 2000 
Projected 2000 
Fiver basin Total All Municipal S Total 
19651 crops Livestock industrial^ Onsite Others 2000 
(thousand acre feet per year) 
Withdrawals 
Western Basins 151,733 88,012 1,637 50,029 4,797 2,632 147,107 
Missouri 21,668 15,370 627 6,124 1,086 1,132 24,339 
Ark.-White-Red 10,541 6,289 350 7,947 0 0 14,586 
Texas-Gulf 18,382 4,873 250 15,711 227 0 21,061 
Rio Grande 8, 165 2,997 138 1,265 0 0 4,400 
U. Colorado 4,500 3,023 57 1,030 198 0 4,308 
L. Colorado 7,774 3,469 47 1,320 585 1,500 6,921 
Great Basin 5,730 2,924 2 1,035 1,276 0 5,237 
Col.-N. Pacific 33, 191 19,049 53 6,678 0 0 25,780 
Cal.-S. Pacific 41,782 30,018 113 8,919 1,425 0 40,475 
Consumptive use 
Western Basins 75,050 62,672 1,637 21,116 3,981 2,632 92,038 
Missouri 11,822 10,454 627 1,218 1,086 1,132 14,517 
Ark.-White-Red 6,580 4,270 350 1,333 0 0 5,953 
Texas-Gulf 8,165 3,663 250 7,209 227 0 11,349 
Rio Grande 4,632 2,077 138 575 0 0 2,790 
U. Colorado 2,220 2,290 57 473 144 0 2,964 
L. Colorado 3,862 2,405 47 615 351 1,500 4,918 
Great Basin 2,524 2, 177 2 443 908 0 3,530 
Col.-N. Pacific 11,785 12,579 53 1,559 0 0 14,191 
Cal.-S. Pacific 23.460 22.757 113 7,691 1 .265 0 91,825 
^Source: (220, Tables 7-3^4 and 7-3-5). 
2includes rural domestic, municipal, self supplied industrial, recreation, 
mining and thermal electric power. 
^Includes water export to Mexico, depletion of the Upper Milk River by Canada 
and transfer of water from the Missouri river basin into the S.-Red-Rainy basin. 
Table 69. Total water supply, total consumptive use and the net water balance in 
the 9 western river basins with D level population, present water 
prices, trend technology and a free market in 2000 
Water 
from 
inter- Water 
Water basin from 
from natura1 inter- Total Total Surplus 
natural stream basin water consumptive or 
River basin runoff! flows transfers supply use deficit 
(thousand acre feet per year) 
Consumptive use 
Western Basins 239,410 0 0 239,410 92,038 147,372 
Missouri 28,600 0 337 28,937 14,517 14,420 
Ark.-White-Red 24,390 0 -51 24,339 5,953 18,386 
Texas-Gulf 12,210 0 51 12,261 11,349 912 
Rio Grande 4,070 0 0 4,070 2,790 1,280 
U. Colorado 9,830 -5, 277 -337 4,216 2,964 1,252 
L. Colorado 2,890 5, 277 -3,249 4,918 4,918 0 
Great Basin 3,530 0 0 3,530 3,530 0 
Col.-N. Pacific 114,190 0 0 114,190 14,191 999,999 
Cal.-S. Pacific 39,700 0 3,249 42,949 31,826 11,123 
^See Table 8. 
^See Table 68. 
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of inter-basin transfer projects also is reduced. The 
highest shadow price of water under Model B is in the Los 
Angeles area where population and industry requirements in 
2000 leave only a small amount of water for agricultural 
purposes. 
In general, land rents under Model B are over 40 per­
cent lower than under Model A (Table 70). The lower farm 
commodity prices under Model B reduce the net returns to 
land and, hence, land rents. In an earlier section, the 
capitalized value of irrigated cropland in the Columbia-
North Pacific river basin under Model A was estimated at 
$690 per acre and under Model D at $1855 per acre. Under 
Model B, assuming land taxes of $6.00 per acre and a 
capitalization rate of 7 percent, the capitalized value of 
irrigated cropland in this same basin is $413 per acre. 
Thus, with a population of 279 million in 2000, land values 
would be reduced considerably below the levels of Model A. 
Supply potential and policy alternatives The 
projections to 2000 under Model B indicate an even larger 
land and water surplus than under Model A. As is outlined 
in a later section, farm commodity prices are projected to be 
low under Model B, with 51.0 million acres of total unused 
land in 2000. Thus, even with the presently low prices paid 
by farmers for water in the West, the Nation can readily meet 
its food and fiber demands and release some water for higher 
priority uses if or as the need arises. 
Table 70. Shadow prices of alternative land uses in the 18 river basins with 
D level population, present water prices, trend technology and a 
free market in 2000 
Dryland Dryland Irrigated Irrigated 
River basin hayland cropland hayland cropland 
(dollars per acre) 
United States 8.84 14.34 17.17 27.10 
New England 0 20.43 — 
M. Atlantic 0 4.72 - -
S. Atlantic-Gulf 15.42 4.71 - — 
Great Lakes 9.93 15.05 - — 
Ohio 2.56 14.23 - — 
Tennessee 2.93 10.81 - -
U. Mississippi 10.73 22.50 - -
L. Mississippi 3.78 13.19 - -
S.-Red-Rainy 4.46 5.69 — -
Missouri 10.90 13.03 15.58 34.63 
Ark.-White-Red 5.01 9.75 18.91 36.56 
Texas-Gulf 6.21 14.47 12.42 6.01 
Rio Grande 7.62 14.50 15.95 28.11 
U. Colorado 14.45 10.02 14.35 20.06 
L. Colorado 0 0 16.49 8.68 
Great Basin 0 7.69 1.14 8.64 
Col.-N. Pacific 7.84 20.32 18.87 34.92 
Cal.-S. Pacific 0 28.83 30.17 31.40 
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Even with the higher C level population (Model A) or B 
level population (Model D), domestic food and fiber and export 
requirements at the levels used will not cause demand to 
press against available land and water resources. As 
summarized in our discussion of future land needs in Chapter 
I, other researchers have estimated that from 50 to 150 
million acres of new land could be brought into production if 
needed. And as indicated by the price variation policy 
models, an additional 11.4 million acre feet per year of 
water could be made available for other uses with a water 
price of $15.00 per acre foot, an additional 25.5 million 
acre feet with a water price of $22.50 and an additional 35.2 
million acre feet with a water price of $30.00. Hence, even 
with higher population and exports than used in this study, 
land and water promise still to be in surplus in 2000. The 
situation would change with much greater population and 
export requirements than projected. However, under present 
concerns with population and environmental balances, the 
population in 2000 could be lower than the 300 million used 
for Model A. Hence, with the prospect of continued large or 
surplus food-producing capacity in the future and the 
potential prospect for continued "low" prices in agriculture, 
the next policy model incorporates an annual land retirement 
or supply control program similar to the wheat, feed grain 
and cotton programs actually used during the 1961-71 decade. 
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Simulated Land Retirement Policy Model 
This is the seventh and final policy model analyzed. 
It assumes that 45 million acres are retired in 2000 on a 
partial-farm basis with most areas of the country sharing in 
supply control. The program simulated is like the annual 
wheat, feed grains and cotton programs used during the 1961-
71 decade. 
A land retirement program to control supply effectively 
is a means to substitute water in the 17 Western States for 
land in states east of the Missouri River (but with some 
substitution also of water in the West for land used under 
rainfed conditions in the West). Previous policy models 
allow land especially in the East to be substituted for 
water in the West in meeting food demands in the sense of a 
national economic optimal pattern. Model B with the lower 
population indicates considerable surplus food capacity and 
a surplus of 147.4 million acre feet of water for other uses. 
As compared to current water and land use programs and patterns, 
it allows land in the East to be substituted for water in the 
West. Hence, Model C is applied also with a population of 
279 million. It forces the substitution of water in the West 
for rainfed production in the East (and also for some dryland 
production in the West) in meeting food needs for the 
population 279 million. Of course, this is exactly the 
nature and outcome of agricultural and water policies of the 
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I960's decade. They reduce the supply of land for crops by 
payments which divert it from the food producing framework 
and use public investments to increase the supply of water 
for food production. 
Model C; 45 million acre annual land retirement program, 
D population level, present water prices and trend technology 
in 2000 
The pattern of crop production under this policy model 
is substantially different than under any previous policy 
model. With the lower population, aggregate food demand is 
less than under Model A but is the same as under Model B. 
Under Model C, however, farmers are limited in the amount 
or acreage of certain crops they can harvest. In this 
specific policy model, crop acreages are tied to their 1964 
base for wheat, feed grains and cotton. Thus the pattern of 
production should compare favorably with 1964 and the spatial 
distribution of unused or retired land should parallel that 
of the 1961-71 decade. 
The primary purpose of a land retirement program of the 
type simulated here is price support through supply control. 
In a later section, the expected farm prices under each of 
the seven policy models is analyzed. But the general 
conclusion thus far has been that the outlook in 2000 is for 
continued large or even surplus capacity of American agri­
culture and continued "low" prices, especially under Model 
B (Table 83). With a land retirement program of the type 
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simulated, farm prices could be raised substantially and 
commodity stocks could be effectively controlled. The 
objective is to analyze how a program of this type might 
affect the agricultural demand for water in 2000 and the 
manner and extent it would alter the supply of water 
available for municipal and industrial uses. 
Total acreage and distribution of dryland and irrigated 
crops Compared with Model B, dryland acreage of annual 
crops declines by 10.7 million acres (Table 71). Dryland acre­
ages of both wheat and barley decline substantially, 21.6 
million acres and 4.0 million acres respectively. On the other 
hand, dryland acreages of grain sorghum and soybeans increase 
substantially, 10.5 million acres and 13.1 million acres, re­
spectively. Compared with Model B, total dryland annual crops 
increase by 12.5 million acres in the Missouri basin, 3.9 
million acres in the Arkansas-White-Red basin and 2.3 million 
acres in the Upper Mississippi basin. Dryland acreages of 
grain sorghum and soybeans increase substantially in the 
Missouri and Arkansas-White-Red basins. Dryland acreage of 
soybeans also increases in the Upper Mississippi basin and dry­
land acreage of grain sorghum increases in the South Atlantic-
Gulf basin. Dryland wheat moves out of the Middle Atlantic, 
Ohio, Lower Mississippi, Upper Mississippi, Missouri, Arkansas-
White-Red, Columbia-North Pacific, Souris-Red-Rainy, Great 
Basin and Texas-Gulf basins. Dryland wheat moves into the South 
Atlantic-Gulf, Great Lakes, Tennessee and Upper Colorado basins. 
Table 71. Dryland acreages of annual crops in the 18 river basins with D population 
level, present water prices, trend technology and a 45 million acre land 
retirement program in 2000 
Total acres Projected 2000 
Corn Grain Soy- Cot- Sugar 
River basin 1964* 2000 Wheat grain sorghum Oats Barley beans ton beets 
(000 acres) 
United States 176,379 188,061 36, 494 32, 479 32, 846 22 ,094 3, 663 55,793 4,283 409 
New England 37 46 0 1 0 45 0 0 0 0 
H. Atlantic 3,671 4,991 2, 137 594 0 117 1, 399 744 0 0 
S. Atlantic-Gulf 10,084 9,362 372 20 2, 376 0 475 5,798 321 0 
Great Lakes 10,513 11,907 1, 639 3, 568 0 2 ,003 0 4,536 0 161 
Ohio 16,020 16,998 1 r  246 7, 456 485 914 70 6,823 2 2 
Tennessee 1,215 1,144 483 0 47 0 0 250 364 0 
U. Mississippi 37,849 39, 399 1, 555 15, 597 1, 628 4 ,198 0 16,363 0 58 
L. Mississippi 11,154 11,553 451 1 r  595 426 304 0 5,673 3,104 0 
S,-Red-Rainy 9,317 9,890 3, 789 573 0 4 ,976 0 374 0 178 
Missouri 43,416 45,683 1 1 ,  901 1/ 594 12, 122 6 ,828 1 ,  082 12,156 0 0 
Ark.-White-Red 18,929 18,371 1, 068 1, 461 4 ,  834 1 ,580 263 3,076 89 0 
Texas-Gulf 8,512 12,116 2, 021 13 9, 679 0 0 0 403 0 
Rio Grande 374 893 0 0 893 0 0 0 0 0 
U. Colorado 167 118 93 0 0 0 25 0 0 0 
L. Colorado 21 10 3 7 0 0 0 0 0 0 
Great Basin 320 81 0 0 0 81 0 0 0 0 
Col,-N. Pacific 4,686 4,246 3, 606 0 0 630 0 0 0 10 
Cal.-S, Pacific 94 1,253 130 0 356 418 349 0 0 0 
^Source: (220). 
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Decreases in total dryland acreage of annual crops of about 2 
million acres occurs in the Texas-Gulf, Lower Mississippi and 
California-South Pacific basins. There is relatively little 
change in the New England, South Atlantic-Gulf, Great Lakes, 
Tennessee, Souris-Red-Rainy, Rio Grande, Upper Colorado, Lower 
Colorado, Great Basin and California-South Pacific basins. 
Under Model C, farmers feed less wheat, more of the other 
grains, more oilmeals and less forages than under either Model 
A or Model B (Compare Table C.l with Tables C,5 and C.6). 
Hence, in tying crop production to a historic crop and geo­
graphic base by supply control through land retirement, 
dispersed spatially over many regions and farms, a substantial 
change in the crop mix results. Locations of annual crops 
under Model C are shown in Figures 23, 24 and 25. The pro­
duction of each crop is much more dispersed than under any of 
the free market policy models discussed previously. 
Dryland acreage of tame hay and silages is 7.7 million 
acres (9.9 percent) fewer than under Model B (Table 72). 
Major decreases of the dryland acreage of tame hay and 
silages take place in the following river basins (and 
amounts); Missouri (8„3 million acres), Arkansas-White-Red 
(7.1 million acres). Upper Mississippi (7.0 million acres) 
and Souris-Red-Rainy (1,5 million acres). Increases occur 
in (and amounts); Middle Atlantic (4.8 million acres). South 
Atlantic-Gulf (4.3 million acres), Ohio (3.7 million acres) 
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Table 72. Dryland acreages of silages, hay and pasture in the 18 river basins with D 
population level, present water prices, trend technology and a 45 million 
acre land retirement program in 2000 
River basin 
Silaaes Tame hay Wild hay Pasture 
19641 2000 19641 2000 19641 2000 19642 20003 
(000 acres) 
United States 10,572 21,184 46,675 48,997 9,005 8,990 621,192 929,843 
New England 138 70 1,031 693 0 0 1,551 1,475 
H. Atlantic 1,041 176 4, 289 4,607 0 0 8,234 9, 156 
S. Atlantic-Gulf 370 3, 122 1,675 2,415 0 0 30,314 43,745 
Great Lakes 1,402 942 5,356 5,595 35 33 7,256 9,831 
Ohio 639 508 5,603 5,957 0 0 21,570 23,828 
Tennessee 102 224 1,025 1,202 0 0 5,658 6,012 
0. Mississippi 2,786 3,750 8,785 9,231 357 356 21,150 19,589 
L. Mississippi 121 1,835 957 1,078 43 42 12,137 24,806 
S.-Red-Rainy 425 909 1,282 1,329 771 771 4,224 4,339 
Missouri 2,716 5,405 10,548 10,310 6,234 6,234 169,015 198,279 
Ark.-White-Red 546 3,062 2,819 3,212 1,201 1,199 79,262 100,234 
Texas-Gulf 108 417 1,387 1,550 141 140 71,139 87,260 
Rio Grande 7 0 32 171 5 2 52,276 76,764 
0. Colorado 9 0 68 324 10 8 15,449 46,078 
L. Colorado 2 0 2 0 1 0 44,995 77,851 
Great Basin 34 480 127 51 31 30 16,371 69,687 
Col.-N. Pacific 122 284 1,373 1,088 139 139 35, 555 87,125 
Cal.-S. Pacific 4 0 316 184 37 36 25,036 43,784 
1 Source : (220). 
zsource: (220). Public grazing lands not included. 
'Includes 291 million acres of public grazing lands. 
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and Lower Mississippi (1.9 million acres). The following 
river basins experience relatively little change; Great 
Lakes, Rio Grande, Lower Colorado, Great Basin, Columbia-
North Pacific and California-South Pacific, 
With this type of land retirement program, total 
irrigated acreage of annual crops is 2.7 million acres higher 
than under Model A (Table 73) and 2.8 million acres greater 
than under Model B (with the same population). Only the 
irrigated acreage of barley is less than under Model B. 
Both the Missouri and California-South Pacific basins have 
over a million more irrigated acres of annual crops than 
under Model A. Total irrigated acreage of annual crops in 
the Arkansas-White-Red basin decreases by 0.4 million acres 
and remains nearly constant in the Texas-Gulf, Great Basin 
and Upper Colorado basins. (See Figures 23, 24 and 25 for 
the locations of irrigated annual crops under Model C.) 
Irrigated acreages of tame hay and silages, wild hay 
and pasture under Model C are reported in Table 74. Irrigated 
acreages of wild hay and pasture are nearly the same under 
Model A and Model C, Irrigated acreage of fruits, nuts, rice 
and vegetables is the same as under Model B (Table 74). 
Compared with Model B, irrigated acreage of tame hay and 
silages is 0.3 million acres more (Table 74). This increase 
is spread evenly over the 9 western river basins except for 
the very small changes in the Texas-Gulf, Great Basin, and 
Lower Colorado basins. 
Table 73. Irrigated acreages of annual crops in the 9 western river basins with D 
population level, present water prices, trend technology and a 45 million 
acre land retirement program in 2000 
Total acres Projected 2000 
River basin 1964» 2000 Wheat 
Corn 
grain 
Grain 
sorghum Oats Barley 
Soy­
beans 
Cot­
ton 
Sugar 
beets 
(000 acres) 
Western Basins 11,242 8,874 1,844 1,330 2,802 628 265 458 877 670 
Missouri 2,021 2,150 114 484 787 298 0 444 0 23 
Ark.-White-Bed 1,568 1,084 0 295 666 16 0 14 85 8 
Texas-Gulf 2,764 868 0 43 472 25 0 0 328 0 
Rio Grande 755 458 97 21 180 48 0 0 112 0 
U. Colorado 86 144 17 54 0 57 1 0 0 15 
L. Colorado 661 489 20 6 0 0 264 0 199. 0 
Great Basin 222 55 32 0 0 0 0 0 3 20 
Col.-N. Pacific 918 1,552 1,183 90 0 101 0 0 0 178 
Cal.-S. Pacific 2,247 2,074 381 337 697 83 0 0 150 426 
1 Source; (220). 
Table 7U. Irrigated acreages of silages, hay, pasture and fruits, nuts, rice and 
vegetables in the 9 western river basins with D population level, present 
water prices, trend technology and a 45 million acre land retirement 
program in 2000 
River basin 
Silaoes Tame hav Wild hav Pasture 
Fruits, 
etc 
nuts, 
.. 
19641 2000 19641 2000 19641 2000 19641 2000 19641 2000 
(000 acres) 
Western Basins 745 2,047 6,150 8,010 1,361 1,304 5,093 4,534 4,096 4,385 
Missouri 301 604 1,345 2,572 459 420 984 882 34 40 
Ark.-White^Red 86 699 226 211 16 16 145 138 22 34 
Texas-Gulf 35 4 72 73 0 0 237 141 534 468 
Rio Grande 29 115 286 226 58 57 268 268 227 110 
U. Colorado 15 56 532 349 174 174 580 580 66 5 
L. Colorado 36 0 229 230 4 1 101 29 141 118 
Great Basin 5 0 547 561 293 283 499 188 33 67 
Col.-N. Pacific 93 181 1,596 2,316 291 290 1, 147 1,249 621 777 
Cal.-S. Pacific 145 388 1,317 1,472 66 63 1,132 1,059 2,418 2,766 
^Source: (220) . 
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In summary, with an annual land retirement program in 
2000, total dryland acreage of annual crops is less than 
under Model A but 10,7 million acres more than under Model 
Bo Dryland acreage of wheat declines substantially and 
dryland acreages of grain sorghum and soybeans increase 
substantially as farmers (1) switch from feeding as much 
wheat and (2) are required to plant within their historic 
base. Dryland acreage of tame hay and silages decreases by 
9.9 percent from Model B. Irrigated acreages of hays, 
silages and pasture increase slightly but the total irrigated 
acreage of annual crops increases by 2.8 million acres. The 
distribution of acreages of both total dryland and total 
irrigated annual crops compares favorably with 1964. 
As is expected, under Model C, all areas have unused 
land (Table .75). Since farmers are required to "set aside" 
part of their historic base under the supply control programs 
simulated, areas with large past acreages of annual crops 
have the largest amounts of unused or idle land. The Missouri 
basin has 11.7 million acres of unused land, the Arkansas-
White-Red basin 5„9 million acres, the Upper Mississippi 
basin 5.7 million acres and the Texas-Gulf and South 
Atlantic-Gulf basins each over 3 million acres of unused land. 
Since farmers are required to "set aside" land previously 
used for wheat, feed grains and cotton, 97.8 percent of the 
total unused land is cropland. Since total irrigated acreage 
Table 75. Unused land and land shifted from annual crops to tame hay production 
in the 18 river basins with D level population, present water prices, 
trend technology and a 45 million acre land retirement program in 2000 
Unused Unused Total Unused Unused Total Total 
dryland irrigable 1 unused dryland irrigable unused unused Land 
River basin cropland cropland cropland hayland hayland hayland land shifted 
(000 acres) 
United States 38,011 3,808 41,819 2,649 456 3,105 44,924 2,108 
New England 117 — 117 484 — 484 601 0 
M. Atlantic 775 - 775 0 - 0 775 0 
S. Atlantic-
Gulf 3,030 - 3,030 0 — 0 3,030 0 
Great Lakes 2,111 - 2,111 0 - 0 2,111 0 
Ohio 2,809 - 2,809 0 — 0 2,809 0 
Tennessee 540 - 540 0 - 0 540 0 
U. Mississippi 5,736 - 5,736 0 - 0 5,736 0 
L. Mississippi 1,051 - 1,051 0 - 0 1,051 0 
S.-Red-Rainy 2,106 - 2,106 0 - 0 2,106 0 
Missouri 9,983 677 10,660 1,043 0 1,043 11,703 1,043 
Ark.-White-Red 5,132 739 5,871 58 0 58 5,929 58 
Texas-Gulf 1,923 1,392 3,315 53 0 53 3,368 53 
Rio Grande 421 176 597 16 0 16 613 9 
U. Colorado 182 122 304 43 0 43 347 36 
L. Colorado 162 263 425 34 57 91 516 26 
Great Basin 64 148 212 114 188 302 514 110 
Col.-N. Pacific 1,510 59 1,569 465 0 465 2,034 465 
Cal.-S. Pacific 359 232 591 339 211 550 1, 141 308 
Cropland presently in land retirement programs or used for annual crop 
production but used for tame hay production in 2000. 
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of annual crops is higher under Model C than under Model A, 
4«4 million acres fewer of irrigable land are switched to 
dryland production. Also, under Model B, only 2.1 million 
acres of land available for annual crops are shifted to tame 
hay production compared with 49.3 million acres under Model A. 
The location of unused land is shown in Figure 25 and 
is widely dispersed over the nation compared with the free 
market policy models (e.g., compare Figure 22 with Figure 26). 
Consumptive use and supplies of water Since the 
irrigated acreage of all crops under Model C is more than 
under Model B, the amount of water consumed by crops is 
higher (Table 75). And 40*4 percent of the total water supply 
is consumed. Relatively speaking, the pattern of water used 
for crops compares favorably with 1954 actual. The total 
water consumed is different due to the large municipal and 
industrial requirements projected for the Texas-Gulf and 
California-South Pacific river basins in 2000. But the 
general result of the type of land retirement program 
evaluated is that the agricultural demand for water increases 
and water available for municipal and industrial uses declines. 
The pattern of surplus or deficit water under Model C is 
the same as under Model B (Table 77). The Texas-Gulf, Rio 
Grande, Great Basin and Lower Colorado basins, however, are 
relatively water scarce areas. Under Model C, 142.8 million 
acre feet per year is surplus and the Columbia-North Pacific 
has 98.8 million acre feet of surplus water. 
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Figure 26. Location of unused land under Model C in 2000 
Table 76. Withdrawals and consumptive use of water in the 9 western river basins 
with D population level, present water prices, trend technology and a 45 
million acre land retirement program in 2000 
Projected 2000 
River basin Total All Municipal & Total 
19651 crops Livestock industrial^ Onsite Others 2000 
(thousand acre feet per year) 
Withdrawals 
Western Basins 151,733 95,585 1,529 50,029 4,797 2 ,632 154,572 
Missouri 21,668 17,039 550 6,124 1,086 1 ,132 25,931 
Ark.-White-Red 10,541 5,238 327 7,947 0 0 13,512 
Texas-Gulf 18,382 5,485 224 15,711 227 0 21,647 
Rio Grande 8, 165 4,777 158 1,265 0 0 6,200 
U. Colorado 4,500 3,860 61 1,030 198 0 5,149 
L. Colorado 7,774 5,293 43 1,320 585 1 ,500 8,741 
Great Basin 5,730 2,920 2 1,035 1,276 0 5,233 
Col.-N. Pacific 33,191 20,991 57 6,678 0 0 27,726 
Cal.-S. Pacific 41,782 29,982 107 8,919 1,425 0 40,433 
Consumptive use 
Western Basins 75,050 67,358 1,529 21,116 3,981 2 ,632 96,616 
Missouri 11,822 11,496 550 1,218 1,086 1 ,132 15,482 
Ark.-White-Red 6,580 3,525 327 1,333 0 0 5, 185 
Texas-Gulf 8, 165 4,059 224 7,209 227 0 11,719 
Rio Grande 4,632 3,297 158 575 0 0 4,030 
D. Colorado 2,220 2,922 61 473 144 0 3,600 
L. Colorado 3,862 3,645 43 615 351 1 ,500 6,154 
Great Basin 2,524 2,177 2 443 908 0 3,530 
Col.-N. Pacific 11,785 13,736 57 1,559 0 0 15,352 
Cal.-S. Pacific 23-460 22.501 107 7,691 1,2f5 ,Q 3].56% 
^Source; (220, Tables 7-3-4 and 7-3-5). 
^Includes rural domestic, municipal, self supplied industrial, recreation, 
mining and thermal electric power. 
^Includes water export to Mexico, depletion of the Upper Milk River by Canada 
and transfer of water from the Missouri river basin into the S.-Red-Rainy basin. 
Table 77. Total water supply, total consumptive use and the net water balance in 
the 9 western river basins with D level population, present water 
prices, trend technology and a 45 million acre land retirement program 
in 2000 
Water 
from 
inter- Water 
Water basin from 
from natural inter- Total Total Surplus 
natural stream basin water consumptive or 
River basin runoff^ flows transfers supply use^ deficit 
(thousand acre feet per year) 
Consumptive use 
Western Basins 239,410 0 0 239,410 96,616 142,794 
Missouri 28,600 0 ' 337 28,937 15,482 13,455 
Ark.-White-Red 24,390 0 -51 24,339 5,185 19,154 
Texas-Gulf 12,210 0 51 12,261 11,719 542 
Rio Grande 4,070 0 0 4,070 4,030 40 
U, Colorado 9,830 -5, 277 -337 4,216 3,600 616 
L. Colorado 2,890 5, 277 -2,013 6,154 6,154 0 
Great Basin 3,530 0 0 3,530 3,530 0 
Col.-N. Pacific 114,190 0 0 114,190 15,352 98,838 
Cal.-S. Pacific 39,700 0 2,013 41,713 31,564 10,149 
^See Table 8. 
^See Table 76. 
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Shadow prices of water and land Since the demand for 
water increases under Model C, shadow prices of water are 
higher than under Model B (Table 26)„ And as reported in 
Table 25^ shadow prices of water under Model C are generally 
higher than under any of the other six policy models analyzed, 
even Model D. Under the type of supply control program 
simulated under Model C, rainfed land especially in highly 
productive areas like the Corn Belt is removed from production 
and irrigated land in the West is substituted. Thus, the 
demand for water increases and its value also increases. 
Land rents under Model C are reported in Table 78. In 
general, they are higher than under Model B. Some of the 
rents, however, are negative. The negative rents are a 
result of the structure of the land retirement mechanism 
imposed on the programming model.^ In the programming model 
used for Model C, two conditions are imposed; (1) Equalities 
are imposed on the total cropland land restraints. (2) Tame 
hay cannot be grown on cropland. As a result, at least one-
half of the cropland in every producing area must be used 
for annual crops production because a maximum of one-half of 
the total cropland in any region can remain idle. Even if 
tame hay production is more profitable or "less costly" than 
annual crops production, no substitution is possible. Thus, 
^See the section on "the programming model" in Chapter 
II for an algebraic description of the structure of the 
programming model used for Model C„ 
Table 78. Shadow prices of alternative land uses in the 18 river basins with 
D level population, present water prices, trend technology and a 
45 million acre land retirement program in 2000 
Dryland Dryland Irrigated Irrigated 
River basin hayland cropland hayland cropland 
(dollars per acre) 
United States 44.80 42.23 76.52 53.59 
New England 3.70 -18.63 — — 
M, Atlantic 12.86 22.96 - -
S. Atlantic-Gulf 28.52 39.50 — — 
Great Lakes 59.22 47.62 - -
Ohio 36.58 56.79 - -
Tennessee 27.84 25.85 - -
U. Mississippi 68.48 61.53 - -
L. Mississippi 47.30 53.29 — -
S.-Red-Rainy 51.92 13.38 - -
Missouri 46.50 33.31 56.67 63.31 
Ark.-White-Red 39.74 36.68 48.04 77.16 
Texas-Gulf 30.96 22.07 47.91 22.78 
Rio Grande 42.21 42.61 92.87 66.36 
U. Colorado 67.33 -0.51 62.48 5.23 
L. Colorado 0 -61.53 62.06 -16.13 
Great Basin 48.23 0 33.57 -9.49 
Col.-N. Pacific 37.92 47.92 84.63 65.58 
Cal.-S. Pacific 21.79 21.55 122.37 55.81 
255 
in the programming model actually used for Model C, 
unprofitable annual crops production (forced by the upper 
bound on land retirement and the equalities imposed) and 
income foregone or opportunity cost of not growing tame hay 
on cropland (also a result of the equalities imposed) will 
together or singly be charged as a cost against dryland and 
irrigated cropland. And, hence, the negative land rents shown 
in Table 78 result. 
If the two above restrictions had not been imposed, the 
negative shadow prices on land would not have appeared but, 
also, the general distribution of production and general 
conclusions of Model C would not be altered significantly. 
In the next section the results of the present study are 
compared with other studies that project irrigated land and 
water use for the year 2000. 
Comparisons with Other Studies 
Projections of water \iSe in 2000 reported in two recent 
studies are summarized in Table 79 and projections for the 
present study are summarized in Table 80. Comparisons are 
for the 17 Western States since that is the area for which 
the present study has projections of irrigated land and 
water use. 
Table 79. Projected withdrawals and consumption of water in the 17 Western States 
and the United States in 2000 as reported in recent studies 
Item 
1965^ 
Water Resources 
Council! 2 Wollman-Bonem 
17 Western 
States 
United 
States 
17 Western 
States 
United 
States 
17 Western 
States 
United 
States 
(million acre feet per year) 
Withdrawals 
Irrigation and 
livestock 118 125 154 169 130 141 
Municipal and 
industrial^ 34 174 125 490 74 483 
Waste dilution^ n.a. n.a. n.a. n.a. 73 173 
OtherS n.a. n.a. n.a. n.a. 3 6 
Total 152 299 279 659 280 803 
Consumptive use 
Irrigation and 
livestock 70 73 94 103 97 104 
Municipal and 
industrial^ 6 13 20 37 21 56 
Other5 n.a. n.a. n.a. n.a. 3 6 
Total 76 86 114 140 121 166 
1(250, Tables 7-3-4, 7-3-5, 7-3-8 and 7-3-9, pages 7-3-2, 7-3-3, 7-3-4 and 
7-3-5, respectively. Assumes population of 337 million in 2000. 
2(260, Tables 22, 31 and 82, pages 60, 64 and 117, respectively). Assumes a 
medium level of economic growth, population of 303 million and a minimum flow for 
waste water dilution in 2000. 
^Includes rural domestic, municipal, industrial, mining and thermal electric 
power. 
4Estimated instream use for BOD. 
^Includes wetlands and swamps and land treatment. 
Table 80. Summary of projected withdrawals and consumption of water in the 9 
western river basins (17 Western States) under the seven alternative 
policy models in 2000 
Model Model Model Model Model Model Model 
A A1 A2 A3 B C D 
(million acre feet per year) 
Withdrawals 
Irrigation and 
livestock 95 78 59 44 89 97 98 
Municipal and 
industrial^ 54 54 54 54 50 50 58 
Onsite^ 5 5 5 5 5 5 5 
Other^ 3 3 3 3 3 3 3 
Total 157 140 121 106 147 155 164 
Irrigation and 
livestock 68 57 43 32 64 69 70 
Municipal and 
industrial^ 23 23 23 23 21 21 25 
Onsite^ 4 4 4 4 4 4 4 
Other^ 3 3 3 3 3 3 3 
Total 98 87 73 62 92 97 102 
^Includes rural domestic, municipal, industrial, recreation, mining and 
thermal electric power. 
^Includes fish and wildlife, swamps and wetlands. 
^Includes water export to Mexico, depletion of the Upper Milk River by 
Canada and transfer of water from the Missouri River Basin into the Souris-Red-
Rainy river basin. 
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Projections of water use in 2000 
Projections by the Water Resources Council in Table 79 
are based on general trends, applied to major regions, 
adjusted by judgment of field personnel (250, p. 2-2), The 
projections by Wollman and Bonem also are based on projected 
levels of regional economic activity (trends) coupled with 
unit water requirements adjusted for future technological 
changes (260, p. 8)« The study by the Water Resources Council 
uses present unit water requirements for the year 2000. 
Since both above studies are based on past trends, 
projections for the 17 Western States in 2000 do not differ 
greatly. (The two studies differ substantially more in their 
projections of U„S. water withdrawals in 2000.) The primary 
difference between the two studies is that, inclusive of the 
items in the Water Resources Council projections, Wollman and 
Bonem also include in their projections water required for 
waste dillution flows, swamps, wetlands and land treatment. 
Compared with 1965 actual, the two studies project an 
increase of 93.0 percent in withdrawals and 54.0 percent in 
consumptive use of water in the 17 Western States in 2000. 
Results for the present study, summarized in Table 80, 
indicate generally less withdrawals and consumptive use of 
water in 2000 than under either of the two studies reported 
in Table 79. Under the four basic policy models. Model A, 
Model B, Model C and Model D, total withdrawals of water 
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are about 45 percent less and total consumptive use of water 
for irrigation and livestock is about 28 percent less, than 
under either the Wollman and Bonem or Water Resources Council 
projections « And under Model A3, the price variation policy 
model with a water price of $30,00, total withdrawals are 62 
percent less, total consumptive.use 45 percent leas and 
consumptive use for irrigation and livestock 56 percent less, 
than under the two studies reported in Table 79, Considering 
water withdrawals, the items of difference between the two 
recent studies and the present one are water for irrigation 
and livestock and for municipal and industrial needs. For 
consumptive use, however, only the water consumed for 
irrigation and livestock uses differs greatly between the 
studies. Thus, the present study assumes a much smaller 
ratio of withdrawals to consumptive use for municipal and 
industrial water needs than do the two studies in Table 79. 
Actually, the C population level and B population level 
policy models in the present study (Models A, Al, A2, A3 
and D) project a slightly higher consumptive use of water 
for municipal and industrial uses in 2000 than either the 
Wollman and Bonem or Water Resources Council studies. 
The Wollman and Bonem study projects a population of 303 
million and the Water Resources Council study projects a 
population of 337 million in 2000, A population of 300 
million is assumed under the C population level and 325 
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million is assumed under the B population level policy 
models in the present study. Nonetheless, the major 
difference between the level of consumptive use of water in 
the present study and the two recent studies is due to irriga­
tion and livestock water needs in 2000. And most of this 
difference in consumptive use of water is due to the 
difference in irrigated acreage in each of the studies (Table 
8 1 ) .  
In general, the two recent studies reported in Table 79 
do not allow a simultaneous selection of irrigation and dry­
land production in terms of interregional comparative 
advantage in water and land use„ Hence, they are expected 
to specify more of both water and land to meet given food 
demands. 
Projections of irrigated acreage in 2000 
A number of studies have projected irrigated acreage 
for the year 2000 (Table 81). The first study summarized 
in Table 81 was done by the USDA for the Select Committee 
on National Water Resources in 1959 (245). The projections 
were based on a number of complex steps, but in general, 
requirements for food and fiber were projected to the year 
2000 and then, given past trends, future yields, and current 
irrigation development plans, future levels of irrigation 
were determined. 
Table 81. Summary of projected irrigated acres for 2000 in the 9 western river 
basins and the United States in recent studies and under the seven 
alternative policy models of the present study 
Projected 
Bureau Pavelis- Water Ruttan, 
Actual USDA,. of Wollman & Resources demand 
River basin 1964^ medium reclamation Bonem^ Council^ model^ 
(000 acres) 
United States 36,151 55,509 n.a. 46, 935 56,550 49, 733 
Eastern Basins 3,583 12,568 n.a. 3, 696 7,550 9, 671 
Western Basins 32,568 42,941 50,365 43, 239 49,000 40, 062 
Missouri 6,286 10,458 10,820 8, 199 9,000 4, 668 
Ark.-White-Red 2,810 3,986 2,705 5, 041 6,400 4, 370 
Texas-Gulf 4,310 6,821 . 5,070 6, 570 5,500 7, 137 
Rio Grande 1,692 1,610 1,685 1, 642 2,050 1, 955 
U. Colorado 1,472 3,340 3,990 3, 449 2,000 1, 674 
L. Colorado 1,183 1,800 
Great Basin 1,688 2,319 2,245 2, 219 2,000 1, 229 
Col.-N.Pacific 5,414 6,579 9,285 6, 534 9,500 5, 844 
Cal.-S.Pacific 7,713 7,828 14,565 9, 585 10,750 13, 185 
^Source: (221). 
^Source: (245, Table 42, p. 59). Assumes population of 329 million in 2000. 
^Source: (244). Constructed by adding irrigated acreage in 1958 (p. 3) to 
irrigable land in all potential Bureau of Reclamation projects (Table 6, p. 11). 
^Source; (93, Table 4, p. 57) and (260, Table 10, p. 47). Assumes 50 percent 
development of all remaining potentially irrigable land in the United States. 
Wollman and Bonem used projections by Pavelis in their study. 
^Source; (250, Table 4-4-2, p. 4-4-4). Assumes population of 337 million 
in 2000. 
^Source; (96, Table 17, pp. 68-69). Derived from Cobb-Douglas production 
function. 
Table 81. (Continued) 
Present study? 
River basin Model A Model A1 Model A2 Model A3 Model B Model C Model D 
(000 acres) 
Western Basins 27, 285 22,682 17, 220 12,373 25, 969 29, 138 28,607 
Missouri 5, 586 4,460 2, 980 1,349 5, 406 6, 669 6,415 
Ark.-White-Red 2, 571 2,520 1, 892 1,884 2, 560 2, 180 2,720 
Texas-Gulf 1, 514 1,468 1, 389 1,365 1, 473 1, 551 1,499 
Rio Grande 1, 016 647 575 515 808 1, 235 1,170 
U, Colorado 1, 145 519 94 25 1, 07 5 1, 307 1,364 
L. Colorado 674 650 517 266 685 866 571 
Great Basin 1, 145 748 647 475 1, 171 1, 154 1,182 
Col.-N.Pacific 6, 284 4,640 3, 672 2,024 5, 854 6, 363 6,417 
Cal.-S.Pacific 7, 250 7,030 5, 454 4,470 6, 937 7, 813 7,269 
7 Not including irrigated field and seed crops. 
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The study by the Bureau of Reclamation also was done 
for the Select Committee on National Water Resources in 
1959 (244)„ These estimates, however^ are based on potential 
irrigation development and do not consider food and fiber 
requirements in 2000„ 
The study by Pavelis also is based on potential irriga­
tion development (93). The projections by Pavelis reported 
in Table 81 assume that 50 percent of the potentially irrigable 
land will be developed by 2000, These projections are used by 
Wollman and Bonem in their recent study (260)« 
The projections by the Water Resources Council were 
developed from trend projections modified by field personnel 
and expectations of available water supplies. Thus, the 
methods used are similar to the intuitive procedures followed 
in the USDA study in 1959* 
Ruttan's projections are for 1980 (96). His projections 
are based on a Cobb-Douglas production function and assume 
farmers pay the full cost of land and water development. 
Ruttan's projections are based on "economic criteria" rather 
than the "physical criteria" of most of the other projections 
(96, p. 71). 
Results of the present study also are summarized in 
Table 81, Results of all the studies summarized in Table 81 
form a basis for comparisons of projections of both total 
and regional irrigated acreage for 2000, 
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Projections of total irrigated land The most marked 
difference between the present study and other studies is in 
the total irrigated acreage projected for the 17 Western 
States in 2000. The present study projects a level of 
irrigation (in the 17 Western States) ranging from 12.4 to 
29.1 million acres in 2000. Other studies project levels of 
irrigated acreage in 2000 ranging from 42.9 to 50.4 million 
acres in 2000, Total irrigated acreage in the 17 Western 
States was 32.6 million in 1964 (221). Thus, projections 
of irrigated acreage in the present study are from 13.8 to 
38.0 million acres fewer than projections of other studies 
and from 3.5 million to 20.2 million acres fewer than 1964 
actual. In summary, projections of total irrigated acreage 
in the 17 Western States in the present study are substantially 
less than projections in other studies for the year 2000 and 
even less than the actual irrigated acreage in 1964. 
There is little difference in the water consumed per 
acre irrigated between the various studies.* In the Water 
Resources Council study, water consumption for irrigation is 
1.9 acre feet per acre while in the Wollman-Bonem and present 
study, water consumption is 2.4 acre feet per acre. The 
major difference here is that the Wollman-Bonem study and the 
present study both estimate an "optimum" level of water 
consumption using estimated requirements for different plants 
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and adjusting for effective precipitation» The Water 
Resources Council bases their water coefficients for 
irrigation on present unit water requirements. 
Regional projections of irrigated land For all policy 
models in the present study, except Model A3, the general rank 
of the five river basins with the largest projected irrigated 
acreage in the 17 Western States in 2000 is ; California-
South Pacific, Columbia-North Pacific, Missouri, Arkansas-
White-Red, and Texas-Gulf. Under Model A3, the rank of the 
river basins is; California-South Pacific, Columbia-North 
Pacific, Arkansas-White-Red, Texas-Gulf and Missouri, Thus, 
under Model A3, considering just total acres irrigated in 
the 17 Western States, the Missouri basin is relatively less 
important. The Water Resources Council and Bureau of 
Reclamation studies generally agree with the relative pattern 
of irrigated acreage in the present study, although the 
total projected irrigated acreages differ substantially. 
The regional projections of irrigated acreage in the 
USDA study, Pavelis and Ruttan studies differ from those of 
the present study. The USDA study differs the most. That 
study ranks the five river basins with the largest projected 
irrigated acreages in 2000 as; Missouri, California-South 
Pacific, Texas-Gulf, Columbia-North Pacific and Arkansas-
White-Red. Thus, the USDA study has the Missouri basin of 
much greater importance and the Columbia-North Pacific basin 
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of much less importance, relatively, than does the present 
study. The projections by Pavelis, however, generally support 
the projections in the USDA study. The regional projections 
by Ruttan are not applicable since they are for 1980 but they 
are in general agreement, relatively speaking, with the 
ranking of the five most important river basins under Model 
A3 of the present study. Compared with the regional 
projections of irrigated acreage in the USDA and Pavelis 
studies, Ruttan projects the Missouri basin to be of less 
importance and the Columbia-North Pacific basin to be of 
much more importance. 
Summary and explanation of differences 
Considering total water for consumptive use, projections 
of the present study, assuming present prices for water in 
2000, are about 16 percent less than projections in the 
Water Resources Council and Wollman-Bonem studies, because 
irrigated acreages are substantially less in the seven policy 
models in the present study. Under Model A3, with a water 
price of $30.00 per acre foot in 2000, total consumptive use 
of water is 45.0 percent less than estimates in either of 
these two other studies. For the present water price models 
(Models A, B, C and D), projections of total irrigated 
acreage are on the average from 15 to 20 million acres fewer 
than projections in the six other studies cited. In addition, 
the regional pattern of irrigated acreage is different for 
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the various studies. But, the marked difference between 
results of the present study and these other studies is in 
the level of total irrigated acreage projected for 2000. 
A lesser difference is in evidence for the regional pattern 
of projected irrigated acreage in 2000. 
In general, the differences between projections of 
irrigated acreage in other studies and those of the present 
study are due to the assumptions used and methods of 
estimation. First, the projections in the USDA study and 
the Water Resources Council study are based on population 
levels near 330 million, higher than the largest population 
level (325 million) in the seven policy models analyzed in 
the present study. Second, projections in these same two 
studies assume a fixed and predetermined location of 
agricultural production based on future requirements and past 
trends. And no account is taken of the water supply available 
for irrigation or livestock production, especially the 
availability of ground water in 2000. Third, the projections 
by the Bureau of Reclamation and Pavelis studies are not 
based on requirements or available water but only on 
potentially irrigable land. These projections seem to be 
the most arbitrary of any in the other studies cited. 
Fourth, all the other studies cited ignore interregional 
economic trade-offs possible in land and water development. 
Ruttan attempted to use economic criteria to project the 
level of irrigated acreage in 1980 but his analysis ignores 
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the role of the water supply, which he recognizes as a 
limitation of his analysis. Thus, the projections by 
Ruttan, as well as all other projections, ignore the declining 
' availability of ground water in the Texas-Gulf and other 
river basins^. 
Therefore, because of the different methods employed, 
some differences in projected use of water and irrigated 
land are expected for thé several studies. However, the 
present study was designed to incorporate considerations of 
comparative advantage in water and land use and to allow an 
endogenous determination of crop mixes, livestock rations, 
locations of crop and animal production and similar 
variables limited by the amount of water and land available 
in any region. These were not goals of the other studies 
cited. Hence, the present study should (a) provide 
improved or refined estimates of resource needs and (b) 
specify a smaller use of water in agriculture than the other 
studies cited. 
Livestock and Poultry Production in 2000 
Estimated livestock and poultry production for the 
seven alternative policy models are reported in Table 82. 
The production of a specific kind of livestock or poultry is 
dependent on the level of population, per capita consumption, 
level of imports or exports and rate of technological advance. 
The only variable changed throughout six of the policy models 
Table 82. Projected production of livestock and livestock 
products in the United States under the seven 
alternative policy models in 2000 
Actual Projected 2000 
1 QAQI A Item Unit 9691 Model A Model Al 
Dairy cows thou. head 14,106 8,573 8,601 
Beef cows thou. head 36,002 85,395 85,483 
Beef feeding thou. head 24,022 63,705 63,705 
Hogs thou. head^ 84,958 138,978 145,295 
Milk mill. cwt 1,120 1,187 1,187 
Lamb & mutton thou. cwt^ 5,082 8,478 8,478 
Broilers thou. cwt^ 80,540 123,472 123,472 
Turkeys thou. 3 cwt 16,140 26,220 26,220 
Eggs mill. doz. 5,757 5,206 5,206 
^Source: (158, 180, 188, 201). 
2 Assumes 220 pounds of live weight per head. 
^Lamb and mutton is reported in carcass weight and 
broilers and turkeys are reported in ready-to-cook weight. 
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Projected 2000 
Model A2 Model A3 Model B Model C Model D 
8,561 8,577 8,020 8,202 9,378 
85,885 86,192 79,768 80,146 73,561 
63,705 63,692 59,464 59,626 71,507 
145,295 145,295 135,619 129,722 157,890 
1,187 1,187 1,108 1,108 1,290 
8,478 8,478 7,262 7,262 8,914 
123,472 123,472 115,354 115,354 134,759 
26,220 26,220 24,440 24,440 28,542 
5,206 5,206 4,685 4,685 5,606 
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studied, aside from government programs for Model C ,  is 
population» Thus livestock and poultry production levels 
are similar under Model A, Model Al, Model A2 and Model A3 
(C population level) and under Model B and Model C (D 
population level). Aside from beef cows, livestock and 
poultry production are the highest under Model D with the 
B population level and advanced technology. 
Under Model D, the number of dairy cows is 4,7 million 
head fewer than in 1969. Per capita consumption of milk is 
projected to decline in the future, following trends of the 
past two decades. Production of milk per cow, however, is 
projected to continue the increase of recent years. As a 
result, the total amount of milk specified in 2000 is nearly 
the same as the output in 1969 even though the number of dairy 
cows declines. The number of both beef cows and fed beef is 
projected to increase substantially over 1969, beef cows by 
105 percent and fed beef by 198 percent. The higher per 
capita consumption of beef, along with the larger population, 
leads to the above increases in beef production.^ 
Per capita consumption of pork is projected to be near 
present levels in 2000. Hence, total pork production increases 
only because of the higher population. The same is true for 
^See the section on "projected levels of commodity 
demand" in Chapter II for the actual per capita consumption 
levels used in the present study. 
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lamb and mutton production. Broiler and turkey production, 
however, respond to both higher per capita consumption and a 
larger population in 2000, Since the per capita consumption 
of eggs is projected to decline more than the increase in 
population, total egg production is less in 2000 than in 1969. 
The C population level and D population level policy 
models (Models A, Al, A2, A3, B and C) have the same per 
capita consumption levels as Model D. Hence, aside from 
beef cows, total livestock and poultry production are less 
than under Model D (B population level) but the mix of live­
stock and poultry produced is the same. The number of beef 
cows is less under Model D because of the higher calving 
rate used under the advanced technology assumption. 
In summary, the most significant change in livestock 
output under the seven policy models is the large increase 
in beef production. This increase is reflected in the 
crop-feed requirements analyzed earlier. Beef cows use large 
quantities of roughage. With higher levels of both per 
capita consumption and population, beef cow numbers more 
than double over 1969 levels. Fed beef, which also require 
roughage, nearly triple in number by 2000 under Model D with 
a population of 325 million. As a result, the increased land 
needed for feed and forage and the much larger exports of 
Model D in 2000 leave only 4.5 million acres of total crop 
and hayland unused (see earlier definition of unused). 
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Under Model A (C population level), 16.4 million acres of 
land remain unused. The policy models based on a D population 
level require about 10 million acres less land for forages 
than those based on the C population level. However, as much 
as 51.0 million acres of crop and hayland are left unused 
under the policy models with a D population level. Thus the 
level of future forage requirements can have an important 
role in need for or the formulation of water and land 
policies, especially since a large percentage of irrigated 
land is used for forage production (about 40 percent in 
1959; 219). 
Crop and Livestock Prices in 2000 
Farm commodity prices under the seven policy models are 
summarized in Table 83.^ In general, prices are (a) lowest 
under Model B because of its smaller population and (b) 
highest under Model D because of the large food and fiber 
demands. Both Model B and Model D are free market policy 
models and production is allowed to concentrate in areas of 
greatest comparative advantage. Some prices under Model C 
are higher than under Model D, Model C, which incorporates 
supply control features, disperses production throughout 
the United States to restrain output and increase prices 
^The commodity prices reported in Table 83 are the 
shadow prices for commodities, outlined in Chapter II, 
determined by the programming model. These shadow prices 
are available for each of the 27 consuming regions but only 
national averages are reported here. The lower prices for 
hogs indicates that hog production costs may be underestimated 
in the programming model. 
Table 83. Average prices received by farmers for selected crops and livestock in 
the United States under the seven alternative policy models in 2000 
Actual Model Model Model Model Model Model Model 
I t e m  U n i t  1 9 6 9 2  A  A l  A 2  A 3  B C D  
Crop prices 
Corn-sorghum dol./bu. 1. 12 1. 11 1. 14 1. 20 1. 22 0. 94 1. 38 1. 58 
Barley-oats'^ dol./bu. 0. 88 1. 03 1. 05 1. 12 1. 13 0. 90 1. 30 1. 55 
Soybeans dol./bu. 2. 33 2. 25 2. 34 2. 54 2. 58 1. 78 2. 90 3. 81 
Wheat dol./bu. 1. 24 1. 49 1. 52 1. 62 1. 65 1. 22 1. 93 2. 26 
Cotton dol./lb. .0. 21 0. 14 0. 15 0. 16 0. 16 0. 14 0. 23 0. 20 
Sugar beets dol./ton n. a. 8. 62 8. 72 8. 92 8. 97 8. 16 13. 15 10. 69 
Hay do1./ton 25. 00 25. 01 26. 02 27. 81 28. 22 21, 11 39. 41 33. 46 
Silage dol./ton n. a. 7. 10 7. 37 7. 82 7. 92 6. 19 10. 28 9. 00 
Livestock-products^ 
Cattle & calves cents/lb. 26. 20 33. 90 34. 88 36. 70 37. 07 29. 93 46. 62 37. 57 
Hogs cents/lb. ' 22. 20 15. 26 15. 63 16. 32 16. 48 13. 45 17. 92 16. 85 
Milk dol./cwt 5. 46 3. 42 3. 45 3. 52 3. 54 3. 22 3. 77 4. 39 
^All prices for 2000 are measured in 1970 equivalent dollars and do not take 
into account inflation from 1970 to 2000. 
^Source; (199). 
^Corn equivalent. 
^Barley equivalent. 
^Wet tons. 
Gparm prices of 24.5 cents per pound for lambs, 15.0 cents per pound for boilers 
and 35.0 cents per dozen for eggs are assumed under all policy models in 2000. 
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(and also force a substitution of water in the 17 Western 
States for land in the East), More marginal and lower 
yielding areas are brought into production under both Model 
C and Model D and prices rise accordingly. 
Farm prices under Model A are nearly the same as 1969 
actual prices for corn grain, soybeans and hay. They are 
higher for cattle and calves, barley and oats but lower 
for hogs, milk and cotton. The higher prices for livestock 
and livestock feeds can be explained by the increased demand 
for livestock, especially beef and veal, in 2000, Although 
the average price received for sugar beets is not available 
for 1959, the price under Model A is only from 40 to 50 
percent of current levels in some states. Thus, those 
products which now have "tight" controls over production 
(sugar beets, cotton and milk) would have lower prices in the 
future (as well as the present) in the absence of production 
controls or marketing quotas. Even with the large increase 
in food and fiber demands under Model D, prices of these 
"controlled" products do not exceed current levels in 2000. 
These are products for which present, or very likely future, 
substitutes will exist. Imports and domestic cane are 
substitutes for sugar beets. Synthetic fibers have already 
captured a large part of the market for cotton. Dry milk, 
soybean milk, margarine and dairy imports already have an 
adverse effect on the market for fluid milk. 
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Results from Model A3 indicate that 36.2 million acre 
feet of water could be released from agriculture annually for 
other uses in 2000, if the water price was increased from 
present levels to $30.00 per acre foot. Generally, if such 
a policy were adopted, farm prices would rise by about 10 
percent. But cotton, sugar beets and milk prices would still 
be below current levels. Under Model B, however, a free 
market and the D population level, farm commodity prices 
generally are even lower than in 1969. Except for cattle 
and calves most commodity prices are around 18 percent 
lower than under Model A and about 18 percent below the 1969 
level. Thus, policy makers might consider a price support 
program to increase farm prices. Under Model C, a geograph­
ically dispersed land retirement program, farm prices 
generally are more than a third higher than in 1969 and over 
50 percent higher than under Model B. In general, under the 
higher demands of Model D, prices of crop commodities are 
about 50 percent higher and livestock prices are about 12 
percent higher than under Model A. 
In summary, farm prices under Model A are not significant­
ly higher than at the present. Under Model B, they are 
substantially lower and under Model C and Model D, they are 
substantially higher than in 1969. Thus, consumer food 
costs would not rise significantly under any of the policy 
models based on a C population level. They would decline 
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under the D population level of Model B but would rise under 
the supply control features of Model C or the high level of 
domestic and foreign demands under Model D. 
Differences in net farm income among the policy models 
and the present, including the free market of Model B, would 
parallel those of prices and food costs. Net farm income in 
2000 would be lowest under Model B and highest under either 
Model C or Model D depending upon the level of government 
payments under Model C, In addition to the higher food 
costs under Model C, government payments also would be re­
quired to insure farmer participation. Thus, not only would 
consumers pay more for food, but also taxpayers would 
contribute to farm income through price support and land 
diversion payments. 
A number of studies have indicated the effect on farm 
prices and incomes of removing all production controls 
(e.g., 75). In general, conclusions are that aggregate net 
farm income initially would drop by as much as 40 percent in 
the sudden turn to a free market. After a period of 
adjustment, farm prices would rise again but aggregate net 
farm income would remain from $4 to $5 billion below compara­
ble levels under land retirement programs of the type in 
effect over recent years. 
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General Interpretations of the Results 
The programming model employed in this study allows the 
amount of water and land employed in 2000 to be determined 
within the context of a nationally optimum production and 
resource use pattern. The purpose of the analysis is to 
determine whether (a) the supply of water and land is 
sufficient to meet food and other needs and (b) how much 
water might be released from agriculture for higher priority 
use, should the latter occur. Hence, the study does not deal 
directly with problems of income redistribution and equity 
which might arise if these efficient production and resource 
use patterns were attained. 
Depending on the level of population, exports and other 
parameters involved in the various policy models and consider­
ing the more realistic alternatives, it appears that the 
Nation readily could have from 12.5 to 51.0 million more 
acres of crop and hayland than needed to meet food, fiber 
and export needs in the year 2000. Also, irrigated land in 
the year 2000 could be reduced by between 9.4 and 26.1 
million acres below the 1959 level. A price support or 
supply control program applied in 2000 would reduce the 
amount of water released. 
Only one river basin, the Texas-Gulf is pro-. 
jected to be water deficient in 2000. Rainfall, however, is 
high in the basin and the problem can be solved with further 
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reservoir construction. Three other river basins, the Great 
Basin, Lower Colorado and Rio Grande, are projected to be 
relatively water scarce in 2000, The Columbia-North 
Pacific basin always has the largest water surplus under all 
policy models analyzed. 
Limitations of the Study 
As is true of all large-scale quantitative applications, 
this study has several limitations. First, the question of 
water quality is recognized but not analyzed. Waste dilution 
flows are not included in the projected water requirements. 
Treatment is assumed to handle most of the waste problems by 
the year 2000 and any required waste dilution flows are 
assumed to be satisfied by municipal and industrial water 
withdrawals or waste water reclamation. Also, the effects of 
limitations on dryland agriculture or irrigated agriculture 
due to fertilizer, pesticide or salinity controls are not 
investigated. Second, the response of municipal and 
industrial water users to a change in the price of water is 
not incorporated. Farmers are assumed to change the number 
of acres irrigated as the price of water changes, but not to 
vary the amount of water applied per acre. In reality, 
additional adjustments by both of these groups would occur 
in the event of a significant change in the price of water. 
Third, the location and amount of water used by fruits, nuts, 
rice and vegetables are exogenous to the programming model. 
280 
Since these crops consume a large amount of the water used in 
agriculture (about 20 percent), their location, production 
and price would be somewhat sensitive to water availabilities 
and costs. Fourth, ground water mining is ignored as a source 
of water. While ground water cannot be mined in the long 
run, there are areas where ground water use at recharge rates 
would augment the surface water supply. Fifth, the use of 
phreatophyte control, snow management, cloud seeding, under­
ground water storage and forestry management to augment the 
water supply is generally ignored. (A water augmenting 
activity, however, is included for the Lower Colorado river 
basin. Also, desalting activities are included for the 
coastal regions.) Sixth, irrigation and water use in eastern 
states are ignored. However, over 90 percent of the land 
presently irrigated is in the 17 Western States and this is 
the area of prospectively greatest water scarcities. However, 
to answer questions of water quality, water supplies and uses 
in the entire country should be included. Seventh, no 
distinction is made between fed and nonfed beef in the 
programming model. As a result, production of beef cows 
and fed beef is more concentrated than would have been the 
case if separate demands had been specified. Finally, the 
per capita consumption levels are held constant over the 
seven policy models analyzed. Thus, the per capita demand 
for products is not allowed to change as the price level 
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changes. The great cost and time involved in solving the 
programming model, however, prevented an equilibrium 
analysis. Also, the general conclusions of the results would 
not change except that even more water and land would be 
surplus in 2000 than indicated by the present results. 
In addition to the above general limitations, some 
technical limitation also may prevail. First, the programming 
model used assumes constant returns to scale. In other 
words, in a given area, doubling inputs will double output. 
(However, this condition probably prevails when the inputs 
are increased simultaneously with land, over the area of 
land available.) Second, the analysis assumes perfect 
mobility of capital and labor among regions and that capital 
and labor availability do not determine the location and 
amounts of agricultural production. For purposes of this 
study, the trends indicated by the results could hold true 
in the long run if these assumptions are satisfied. Third, 
some of the coefficients used in the models could have 
greater refinement. Given the money and time limits for the 
study, however, the estimates used were consistent with these 
restraints. (Crop yields in the model may be conservative, 
however, and the future problem of excess resource capacity 
may be underestimated.) Fourth, the study allows an 
endogenous determination of agricultural resource demand but 
food commodity demand is exogenous. Finally, miscellaneous 
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complexities such as reaction of farmers to price and weather 
uncertainty are not considered. However, most of the 
limitations of the study stem from the time and financial 
constraints imposed on the study. 
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CHAPTER IV. SUMMARY AND CONCLUSIONS 
In the previous chapter, results are presented on land 
and water use, levels of livestock production, prices of 
water, land rents and prices of crop and livestock products 
for seven alternative futures in 2000. The general 
conclusion reached is that projected domestic food and fiber 
and export demands will not press against available water 
and land resources in the year 2000, In this chapter, 
results of the previous chapter are summarized, interrela­
tionships of water and land use are discussed, policy 
implications are specified and areas for further study are 
outlined. 
Summary of Land and Water Use 
Land and water use under the seven alternative policy 
models are summarized in Tables 84 and 85„ Three things 
are apparent from the results; (1) Land will not be a 
physically or economically scarce resource in 2000, although 
under Model D only 4„5 million acres of land remain unused.^ 
(2) With a national objective function of economic optimum 
in food production and water and land use, such as the one 
employed in the policy models of this study, land irrigated 
^Unused refers to the amount of the land resource not 
needed to meet the domestic and export demands specified 
for the year 2000. 
Table 84. Summary of land use under the seven alternative policy models in 2000 
1964 1 
Policy model in 2000 
Model Model Model Model Model Model Model 
Land use level A A1 A2 A3 B C D 
(million acres) 
Total dryland 1, 154.8 1,227.1 1,231.8 1,238.3 1,242.0 1, 191.9 1,197.0 1,237.8 
Annual crops 176.4 189.5 188.5 190.1 187.7 177.3 188.0 219.2 
Tame hay & 
silages 57.2 99.1 104.7 109.4 115.5 77.8 70.2 80.2 
Wild hay & 
pasture 921.2 938.5 938.6 938.8 938.8 936.8 938.8 938.4 
2 
Total irrigated 31.3 27.2 22.6 17.2 12.4 26.0 29.2 28.6 
Annual crops 13.3 6.1 6.4 5.1 4.1 6.1 8.9 8.1 
Tame hay & 
silages 7.5 10.9 7.3 4.5 2.3 9.8 10.1 10.1 
Wild hay & 
pasture & 
fruits, nuts. 
etc. 10.5 10.2 8.9 7.6 6.0 10.1 10.2 10.4 
Total unused 
land 55.5 16.4 15.1 12.9 12.5 51.0 44.9 4.5 
Irrigable land 
switched — 7.3 10.5 14.3 15.0 7.6 2.7 6.8 
Cropland shifted - 49.3 49.8 49.4 52.1 42.8 2.1 21.0 
^Source: (126, 220). 
^Estimated at 38.5 million acres in 1969. Source; (261, 262). 
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in the West would be less than actually prevailed in either 
1969 or 1954. (3) Relative to this objective function, 
water is in surplus supply in the West under all policy 
models for the year 2000, 
Land use 
For the policy models analyzed, total land used for all 
crops is highest under Model D and lowest under Model B 
(Table 84). Conversely, total unused land is lowest under 
Model D and highest under Model B, Under Model D, a high 
level of domestic and export demands for farm products is 
specified and only 4.5 million acres of land remain unused. 
As noted in Chapter I, however^ other researchers have 
estimated that from 50 to 150 million acres of new land 
could be brought into production if needed. The higher price 
levels resulting from Model D would encourage reclamation of 
these new lands. Under Model B, a low level of domestic and 
export demands for farm products is specified. Thus, 51.0 
million acres of land remain unused and surplus capacity 
approaches levels of the 1961-71 decade. Farm prices also 
are low. Model C, the annual land retirement policy model, 
places part of the land base in retirement and farm prices 
rise accordingly. With 300 million people in 2000 (Models 
A, Al, A2 and A3), from 12.5 to 15.4 million acres of land 
remain unused. 
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Compared with 1964, land irrigated in 2000 under the 
alternative policy models ranges from 2.1 to 18.9 million 
acres fewer. Total acreage irrigated is highest under Model 
C, the annual land retirement policy model, and lowest under 
Model A3, the $30.00 water price policy model. From 2.7 
million to 15.0 million acres of land either currently 
irrigated or in authorized reclamation projects are switched 
to dryland crop production in 2000, Some of this irrigable 
land also is unused in 2000. 
A large amount of cropland either currently in land 
retirement programs or currently used for annual crops 
production shifts to tame hay production in 2000. Under Model 
C, only 2.7 million acres are shifted due to nearly 45 million 
acres of cropland in the retirement program. Under Model A3, 
however, nearly 52.1 million acres of cropland are shifted to 
tame hay production in 2000. Thus, a clear conclusion 
appears. Present land surpluses can substitute for future 
water and irrigated land development projects in agriculture. 
The large increase in forage production and the resulting 
shifts of cropland to tame hay production are a result of the 
large increases in beef cow and fed beef numbers by 2000. 
In general, compared with current levels, beef cow numbers 
more than double and fed beef numbers nearly triple by the 
year 2000. The relationship between future forage require­
ments and land surpluses can be illustrated by comparing 
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Model A with Model B„ Under Model A, with a population of 
300 million, 16.4 million acres of land remain unused. 
Under Model B with a population of 280 million, 51,0 million 
acres of land remain unused. And about one-third of the total 
unused land under Model B is located in the Missouri river 
basin, which includes part of the Northern Plains, and this 
land mostly is used for tame hay production under the 
construction of Model A„ Thus, future land needs are highly 
sensitive to future food and fiber requirements, especially 
forage requirements for beef production* 
Water use 
Relative to the objective function employed, there is 
surplus water in the West under all seven alternative policy 
models in 2000 (Table 85). As reported in Chapter III, how­
ever, the efficient distribution of water supplies still will 
be a problem in 2000. The Lower Colorado, Great Basin and 
Rio Grande river basins most frequently appear as regions of 
water scarcity. Under the B population level and C population 
level policy models, the Texas-Gulf river basin is water 
deficit. The deficit, however, can be solved through addi­
tional reservoir construction, since rainfall is plentiful 
in the region. 
Agriculture was the biggest consumer of water in 1965 
and will continue to be even in 2000. However, nonagricul-
tural water requirements in 2000 are nearly four times larger 
Table 85. Summary of water use in the 17 Western States under the seven 
alternative policy models in 2000 
Item 
1965 
level^ 
Policy model in 2000 
Model 
A 
Model 
A1 
Model 
A2 
Model 
A3 
Model 
B 
Model 
C 
Model 
D 
(million acre feet per year) 
Total withdrawals 151.7 155.9 139.3 120.3 105.0 147.1 154.6 163.3 
Total consumptive 
use 76.0 97.3 85.9 71.8 61.1 92.0 96.6 100.9 
Agriculture 70.0 68.1 56.7 42.6 31.9 64.3 68.9 69.7 
Municipal & 
industrial 6.0 22.6 22.6 22.6 22.6 21.1 21.1 24.6 
Other n.a. 6.6 6.6 6.6 6.6 6.6 6.6 6.6 
Total water supply n.a. 239.4 239.4 239.4 239.4 239.4 239.4 239.4 
Water released - - 11.4 25.5 36.2 - - -
Surplus water n.a. 142.1 153.5 167.6 178.3 147.4 142.8 138.5 
^Source; (250) . 
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than the 1965 level. Thus, there is a relative shift of 
water consumption toward municipal, industrial and other 
uses by 2000, If nonagricultural water requirements 
projected for 2000 are underestimated, agriculture can 
release additional water for these other uses. With a 
$15.00 water price (Model Al), over 11 million acre feet per 
year of water would be released from agriculture. With a 
$30u00 water price (Model A3), over 36 million acre feet per 
year would be released from agriculture. Thus, adoption of 
a pricing system for agricultural water use would release 
water from agriculture for other uses if needed. 
Under the alternative policy models, total consumption 
of water in 2000 is highest under Model D, with high domestic 
food and fiber and export demands, and lowest under Model 
A3, the $30,00 water price policy model. Under Model D, 
42,0 percent of the total water supply is consumed while 
under Model A3, only 27.3 percent of the total water supply 
is consumed. Thus, a large proportion of the water supply 
is surplus even with a maximum foreseeable level of food and 
fiber demand in 2000. Under all the policy models analyzed, 
the Columbia-North Pacific river basin always has the largest 
water surplus. 
In summary, even with little further development of 
present water supplies, there does not appear to be an absolute 
water shortage in 2000. The efficient distribution of the 
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water supply, however, still will be a problem. In general, 
present land surpluses can substitute for future irrigated 
land developments, reduce pressures ôn water supplies and, 
hence, release plenty of water for increased nonagricultural 
uses in 2000. 
Summary of Prices 
Three different types of prices are reported in the 
previous chapter; (1) shadow prices of water, (2) land 
rents and (3) prices of crop and livestock products. In 
general, the values of land and water are directly correlated 
with the commodity prices which in turn are dependent on the 
levels of output produced. As outlined in Chapter II, the 
shadow prices for commodities can be considered as supply 
prices or marginal costs if all costs are included in the 
programming model. 
Under the demands specified for Model A, the general 
level of commodity prices is near the 1969 level (Table 83). 
Under Model B with a lower level of demands, commodity prices 
are about 18 percent below prices of Model A. But under Model 
C, the annual land retirement policy model, commodity prices 
generally are one-third higher than under Model A. Under 
Model D, with the higher population and higher level of 
exports, prices are as much as 50 percent higher than under 
Model A. 
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In general, food costs would be highest under Model D 
and lowest under Model B. Given the resulting commodity 
prices, net farm income would be highest under either Model 
C or Model D and lowest under Model B. Under Model C, 
consumers not only pay more for food than under most of the 
other policy models but taxpayers also must contribute to 
the price support and land diversion payments associated with 
the land retirement program. 
Shadow prices of water and land rents generally are 
highest under Model D and lowest under Model B. Some prices 
of water, however, are highest under Model C, since water 
values are increased when highly productive land, especially 
in the Corn Belt, is removed from production. Compared with 
Model A, the shadow prices of water and land rents fluctuate 
by as much as 50 percent less for Model B and 50 percent more 
for Model D„ Shadow prices and land rents for other policy 
models fall between these two extremes. When the price of 
water is increased to $30.00 under Model A3, commodity prices 
in general only rise about 10 percent. 
Interrelationships of Land and Water Use 
Under Model D, domestic food and fiber and export demands 
reach a maximum foreseeable level. But present land surpluses 
and the higher assumed rate of technological advance still 
result in adequate land and water resources in 2000. Even 
under this higher demand, the total irrigated acreage is less 
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than the 1964 level. With the lower levels of demands 
specified under Model B, 51.0 million acres of land remain 
unused. Thus, as already noted, present land surpluses and 
continued technological advances can substitute for future 
water and irrigated land projects beyond those already 
authorized. 
If the lower population and lower domestic and export 
demands under Model B prevail in 2000, a supply control 
program such as that of Model C can be implemented to raise 
farm prices. However, under Model C, the demand for water 
would be augmented, since the total irrigated acreage 
approaches the 1954 level. Thus, retiring surplus land on 
a partial-farm basis across the entire country raises the 
general level of farm prices substantially and results in a 
higher level of water consumption in 2000. 
As illustrated by Figures 20 and 21 of Chapter III, 
when the price of water is increased, there is a substitution 
of both dryland production in the East and dryland production 
in the West for irrigated production in the West* When the 
price of water is increased from the implied level of Model 
A to $30o00 under Model A3, total irrigated acreage in the 
West declines about 15 million acres and total dryland 
acreage nationally increases about 15 million acres. Of the 
total increase in dryland acreage, about 10 million acres 
are in the West and 5 million acres are in the East. 
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Therefore, if additional water is needed for nonagricultural 
uses in 2000 enough flexibility will exist in agriculture to 
substitute land for water at only a small increase in 
commodity prices and, hence, in food costs to consumers. 
Policy Implications 
The analysis indicates that future water and irrigated 
lands development beyond projects already authorized is 
unnecessary. And if municipal and industrial water require­
ments for 2000 are underestimated, a pricing policy for 
agricultural water use can reallocate existing supplies with 
only a small increase in commodity prices. Even if the 
implied conditions of Model D are realized in 2000, total 
irrigated acreage still will be less than either the 1969 
or the 1964 level. If conditions of Model B prevail, surplus 
capacity will approach levels experienced during the 1961-71 
decade and agriculture still will be faced with low prices 
for agricultural products in the year 2000. 
The particular land and water use policy adopted can 
have substantial effects on the distribution of incomes and 
levels of capital values in agriculture and rural communities. 
In areas with less irrigated land in 2000, a decrease in 
capital values will result. Land values will decline, the 
level of agribusiness will decline and asset values of 
merchants in the area will decline. Depending on the 
particular policy adopted, some areas may become more 
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intensive farming areas. Hence, capital values and the level 
of agribusiness generally will increase. Some areas may 
become more extensive farming areas. In these areas capital 
values and the level of agribusiness will undergo adjustment 
as a result of the particular policy. The problem of who 
receives the gains and the losses of a particular policy is 
not a matter of simple arithmetic. Unless a program is 
voluntary, an increase in the general welfare is not 
guaranteed. 
On the other hand, if water and land development continues, 
commodity prices and returns will be depressed unless supply 
controls also are tightened* In this sense, as outlined in 
Chapter I, the public pays twice. As illustrated by the 
policy models analyzed, lessening of supply controls, 
depending on the future conditions, also can place financial 
hardships on farmers and others in rural communities. The 
shadow prices reported in this study could be used as an 
index of some of these changes. But to determine the full 
effects of any particular program on farmers and others in 
rural communities requires more detailed study. In the 
following section, some additional areas for more detailed 
study are outlined. 
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Further Study 
Some of the more interesting areas for further study 
include the following; 
(1) Water quality should be included in the analysis. 
Agriculture is the source of many water pollutants 
with silt being the most notable. Environmental 
restrictions on silt in surface runoff, nitrates 
from fertilizers and feed lots, insecticides, 
herbicides and other restrictions should be studied 
to determine effects on the optimal pattern of 
production, land use, water use, farm incomes, food 
costs, distributions of incomes, etc. 
(2) The effects of alternative futures on rural 
communities should be studied. Such things as the 
asset values, number of farms, size of farms, cost 
of services in rural areas, structure of institu­
tions and communities, etc. should be quantified to 
aid policy makers in their decisions. 
(3) The value of alternative uses of excess land such 
as for recreation, forests and other uses should 
be determined* It is important to know what and 
where the future demands for these uses will be. 
(4) The feasibility of recently proposed interbasin 
transfers of water should be evaluated including 
moving water from the Columbia-North Pacific river 
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basin to the Southwest, moving water from the 
Mississippi River to the high plains in Texas and 
bringing water from Canada into the United States. 
Alternatives to future surface reservoir development 
should be investigated such as underground reservoirs 
to reduce evaporation, phreatophyte control, snow 
management, timber management, use of sea water, 
etc. 
Feasibility of proposed water and irrigated land 
development projects should be evaluated in the 
complex of the programming model developed to 
indicate areas that will lose as a result of the 
development. 
The effect of alternative crop yields should be 
analyzed. It is especailly important to evaluate 
alternative yield levels for hay, pasture, wheat 
and soybeans since relatively small changes have 
occurred in yields of these crops in the past-. 
Hay and pasture yields are extremely important due 
to the large forage requirements for the increased 
beef production in 2000. 
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The programming model should be refined to remove 
the limitations outlined in Chapter III* 
Refinements would allow municipal and industrial 
water demands to vary with price, farmers to vary 
the amount of water applied per acre, a separate 
demand for fed and nonfed beef, coefficients to 
be reestimated, etc. 
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APPENDIX A. COMMODITY FLOWS FOR SELECTED POLICY MODELS IN 2000 
s 200,000,000 Bushels (corn equlvalent)\ 
Figure A.l. Flows of corn and sorghum under Model A in 2000 
320.000.000 Bushels (barley equivalent) 
Figure A.2. Flows of barley and oats under Model A in 2000 
Figure A.3. Flows of oilmeals under Model A in 2000 
•s 20,000,000 Bushels 
Flows of wheat under Model A in 2000 
. s 5,000,000 head. 
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Figure A.5. Flows of feeder cattle under Model A in 2000 
Flows of beef under Model A in 2000 
n 
s 20,000,000 c«t. carcasse 
Figure A,7, Flows of pork under Model A.in 2000 
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Figure A.8. Flows of milk under Model A in 2000 
- 200,000,000 Bushels (corn equivalent) 
Figure A.9. Flows of corn and sorghum under Model C in 2000 
S 20,000,000 Bushels (barley equivalent 
Figure A.10. Flows of barley and oats under Model C in 2000 
Figure A,11. Flows of oilmeals under Model C in 2000 
5 20,000,000 Bushels 
Flows of wheat under Model C in 2000 
•X' 
5,000,000 head 
Figure A.13, Flows of feeder cattle under Model C in 2000 
Figure A.14. Flows of beef under Model C in 2000 
Figure A.15, Flows of pork under Model C in 2000 
s 20,000,000 cwt fluid nllk 
Figure A.16. Flows of milk under Model C in 2000 
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APPENDIX B. AVERAGE CROP YIELDS AND PRODUCTION OF SELECTED 
CROPS AND LIVESTOCK IN 2000 
Table B«l« Average dryland and irrigated yields of annual 
crops, hay and pasture in the United States in 
2000 
Model A Model A1 
Dryland Irrigated Dryland Irrigated 
Crop Unit vie Id vield vield vield 
Corn grain bu./acre 112.0 121.0 112.5 124.0 
Corn silage ton/acre 19.1 32.9 19.7 32.4 
Grain sorghum bu./acre 77.5 128.3 75.7 127.4 
Sorghum silage ton/acre 15.6 28.4 15.6 28.4 
Wheat bu./acre 40.0 107.6 40.4 98.3 
Oats bu./acre 55.4 77.7 65.4 84.5 
Barley bu./acre 50.0 85.7 61.2 76.2 
Soybeans bu./acre 37.6 30.6 37.2 30.6 
Sugar beets ton/acre 27.2 48.1 27.2 48.1 
Cotton bale/acre 2.2 4.2 2.2 4.5 
Tame hay ton/acre 2.5 5.1 2.5 6.1 
Wild hay ton/acre 1.1 1.7 1.1 1.8 
Imp. & cropland 
pasture! ton/acre 1.4 2.6 1.4 2.8 
Other pasture ton/acre 0.1 0 0.1 0 
Tons of hay equivalent. Other pasture includes 
unimproved permanent pasture, woodland pasture and 
public grazing lands. 
340a 
Model A2 
Dryland Irrigated 
yield yield 
113.1 122.9 
19.9 34.9 
74.2 124.5 
15.9 23.4 
41.0 112.5 
56.4 89.7 
64.4 63.1 
36.5 30.6 
27.2 48.1 
2.2 4.5 
2.5 6.1 
1.1 2.0 
1.4 3.1 
0.1 0 
Model A3 
Dryland Irrigated 
yield yield 
112.8 119.3 
20.2 34.7 
84.9 126.1 
16.2 23.6 
41.3 118.2 
64.9 78.7 
64.7 0 
36.4 30.6 
27.2 48.1 
2.1 4.4 
2.5 7.1 
1.1 2.6 
1.4 3.7 
0.1 0 
Model B 
Dryland Irrigated 
yield yield 
115.9 124.6 
21.4 32.9 
81.0 128.0 
15.8 28.4 
40.6 110.7 
65.1 82.9 
56.9 80.0 
37.4 0 
27.2 0 
2.1 4.5 
2.9 5.3 
1.0 1.7 
1.4 2.6 
0.1 0 
340b 
Table B.l. (Continued) 
Model C Model D 
Dryland Irrigated Dryland Irrigated 
Crop Unit yield yield yield yield 
Corn grain bu./acre 109.5 114.7 107.8 124.6 
Corn silage ton/acre 16.2 35.1 16.0 32.6 
Grain sorghum bu./acre 74.4 125.1 81.2 134.5 
Sorghum silage ton/acre 15.7 27.1 17.0 30.2 
Wheat bu./acre 39.1 93.0 39.6 93.0 
Oats bu./acre 63.2 77.2 63.5 86.6 
Barley bu./acre 59.7 85.8 57.4 87.0 
Soybeans bu./acre 37.2 42.7 36.3 43.1 
Sugar beets ton/acre 19.2 33.7 27.2 40.8 
Cotton bale/acre 1.8 3.0 2.1 3.0 
Tame hay ton/acre 2.4 4«3 2.5 5.0 
Wild hay ton/acre 1.1 1.7 1.1 1.7 
Imp. & cropland 
pasture^ ton/acre 1.4 2.6 1.4 2.6 
Other pasture ton/acre 0.1 0 0.1 0 
Table B.2. Production of annual crops in the 18 river basins under Model A in 2000 
Corn grain Corn S Soybean & 
5 grain Barley & sorghum cottonseed 
River basin Wheat sorghumi oatsz silages^ oilmeals* 
(000 bu) (000 bu) (000 bu) (000 tons) (000 cwt) 
United States 2,286,030 5,951,520 1,688,630 269,704 843,845 
New England 0 0 4,553 0 0 
M. Atlantic 140,165 0 133,949 0 5,165 
S. Atlantic-Gulf 31,287 76,404 140,588 12,434 123,096 
Great Lakes 65,563 409,314 154,121 13,943 65,338 
Ohio 124,254 1,076,114 69,743 7,921 120,436 
Tennessee 0 0 0 0 10,200 
U. Mississippi 225,049 2,292,414 188,279 79,021 234,825 
L. Mississippi 266,445 0 0 0 126,122 
S.-Red-Rainy 58,899 64,655 452,874 12,509 0 
Missouri 527,501 796,133 364,793 62,648 138,458 
Ark. -White-rRed 321,253 402,191 28,606 49,531 15,622 
Texas-Gulf 84,532 614,718 26,838 6,719 288 
Rio Grande 0 74,115 1,756 3,924 414 
U. Colorado 0 3, 130 920 823 0 
L. Colorado 0 0 27,182 0 0 
Great Basin 6,269 0 10,499 9,289 0 
Col.-N. Pacific 389,334 14,445 36,312 7,247 0 
Cal.-S. Pacific 45,479 127,887 47,617 3,695 3,881 
iCorn equivalent. 
^Barley equivalent. 
3Wet tons. 
•Soybean oilraeal equivalent. 
Table B.3. Production of hay and pasture and selected livestock in the 18 river 
basins under Model A in 2000 
All hay and Dairy Beef Beef 
River basin pasture* cows cows feeding Hogs2 
(000 tons) (000 head) (000 head) (000 head) (000 head] 
United States 578,197 8,573 85,396 63,704 145,296 
New England 591 0 0 0 0 
H. Atlantic 5,370 0 435 497 0 
S. Atlantic-Gulf 27,500 1,619 518 612 3,738 
Great Lakes 31,154 3,968 291 0 177 
Ohio 32,819 887 5,511 449 42,273 
Tennessee 5,696 0 5,653 0 0 
0. Mississippi 64,688 0 4,318 0 58,310 
L. Mississippi 16,367 0 3,052 0 0 
S.-Red-Rainy 8,638 0 11,486 0 0 
Missouri 161,044 0 24,719 5,991 40,798 
Ark.-White-Red 83,967 0 14,222 22,261 0 
Texas'-Gulf 44,946 329 0 22,500 0 
Rio Grande 16,760 558 6,193 4,144 0 
U. Colorado 8,238 0 2,528 1,946 0 
L. Colorado 5,737 1, 151 0 437 0 
Great Basin 8,602 0 0 0 0 
Col.-N. Pacific 27,905 0 2,453 1,825 0 
Cal.-S. Pacific 28,175 61 4,017 3,042 0 
iHay equivalent. 
^Assumes a live weight of 220 pounds per head. 
Table B.4. Production of annual crops in the 18 river basins under Model A1 in 2000 
Corn grain Corn & Soybean G 
S grain Barley S sorghum cottonseed 
River basin Wheat sorghum* oatsz silages3 oilaeals* 
(000 bu) (000 bu) (000 bu) (000 tons) (000 cwt) 
United States 2,257,067 5,972,142 1,697,182 273,031 845,907 
New England 0 0 4,553 0 0 
M. Atlantic 140,165 0 124,655 0 7,359 
S. Atlantic-Gulf 39,795 76,404 144,489 13,276 123,096 
Great Lakes 65,563 409,314 154,009 13,943 63,198 
Ohio 120,548 1, 162,083 77,527 8,297 106,552 
Tennessee 0 0 0 0 10,200 
U, Mississippi 225,049 2,221,309 179,099 78,205 246,273 
L. Mississippi 239,449 30,690 4,619 125 125,596 
S.-Red-Rainy 58,899 64,655 452,874 12,509 0 
Missouri 510,987 804,691 370,088 66,661 138,458 
Ark.-White-Red 290,421 394,459 28,935 50,726 20,957 
Texas-Gulf 87,245 622,535 17,312 6,833 288 
Rio Grande 0 74,115 1,756 3,924 39 
U. Colorado 0 762 201 205 0 
L. Colorado 0 0 22,465 0 0 
Great Basin 9,291 0 10,499 7,025 0 
Col.-N. Pacific 424,176 9,183 36,312 7,428 0 
Cal.-S. Pacific 45,479 101, 942 67,789 3,874 3,891 
V 
iCorn equivalent. 
^Barley equivalent. 
3Wet tons. 
•Soybean oilnaal equivalent. 
Table B.5. Production of hay and pasture and selected Livestock in the 18 river 
basins under Model AT in 2000 
River basin 
All hay and 
pasture* 
Dairy 
cows 
Beef 
cows 
Beef 
feeding Hogsz 
(000 tons) (000 head) (000 head) (000 head) (000 head) 
United States 576,878 8,600 85,481 63,705 145,296 
New England 591 0 0 0 0 
M. Atlantic 5,474 0 405 662 0 
S. Atlantic-Gulf 28,150 1,619 551 458 3,956 
Great Lakes 31,630 3,999 305 0 7,887 
Ohio 32,819 799 5,611 449 42,273 
Tennessee 5,696 0 5,736 0 0 
0. Mississippi 66,523 0 4,318 0 50,382 
L. Mississippi 17,148 0 3,275 0 0 
S.-Red-Rainy 8,684 0 11,855 0 0 
Missouri 160,163 0 24,592 5,912 40,798 
Ark.-White-Red 85,652 0 14,367 23,359 0 
Texas-Gulf 44,773 329 0 22,500 0 
Rio Grande 16,003 624 6,167 3,563 0 
U. Colorado 7,258 0 1,958 1,457 0 
L. Colorado 5,907 1,230 0 479 0 
Great Basin 7,659 0 0 0 0 
Col.-N. Pacific 24,083 0 2,145 2,447 0 
Cal.-S. Pacific 28,665 0 4,196 2,419 0 
iHay equivalent. 
^Assumes a live weight of 220 pounds per head. 
Table B.6. Production of annual crops in the 18 river basins under Model A2 in 2000 
Corn grain Corn 5 Soybean S 
S grain Barley & sorghum cottonseed 
River basin Wheat sorghum* oats2 silages^ oilmeals* 
(000 bu) (000 bu) (000 bu) (000 tons) (000 cwt) 
United States 2,088,574 6,088,273 1,775,885 295,176 866,863 
New England 0 0 4,917 55 0 
H. Atlantic 132,819 24,408 117,189 486 7,359 
S. Atlantic-Gulf 36,448 149,735 115,610 29,118 123,096 
Great Lakes 65,563 411,396 155,901 14,671 52,153 
Ohio 120,548 1,196,835 81,579 8,450 100,940 
Tennessee 0 0 0 0 12,750 
0. Mississippi 225,049 2,135,600 164,495 76,878 251,892 
L. Mississippi 169,759 122,633 18,457 1,443 125,379 
S.-Red-Rainy 58,899 64,655 480,466 13,305 0 
Missouri 509,228 795,084 375,381 63,998 138,458 
Ark.-White-Red 227,417 362,070 35,060 58,585 50,402 
Texas-Gulf 87,245 649,024 0 7,489 288 
Rio Grande 0 74,115 1,756 3,924 39 
U. Colorado 0 762 201 205 0 
L. Colorado 0 0 0 0 0 
Great Basin 8,889 0 10,499 5,623 0 
Col.-N. Pacific 400,875 5,440 36,312 8,385 0 
Cal.-S. Pacific 45,835 96,516 178,062 2,561 4, 107 
iCorn equivalent. 
^Barley equivalent. 
3Wet tons. 
•Soybean oilmeal equivalent. 
Table B.7. Production of hay and pasture and selected livestock in the 18 river 
basins under Model A2 in 2000 
All hay and Dairy Beef Beef 
River basin pasture! cows cows feeding Hogs2 
(000 tons) (000 head) (000 head) (000 head) (000 head] 
United States 567,821 8,560 85,886 63,705 145,296 
New England 592 0 0 0 0 
M. Atlantic 7,188 0 629 923 0 
S. Atlantic-Gulf 28,398 1,619 797 494 2,338 
Great Lakes 33,703 4,268 305 0 7,378 
Ohio 32,823 510 5,871 440 42,273 
Tennessee 5,704 0 6,291 0 0 
U. Mississippi 70,045 0 4,318 0 51,034 
L. Mississippi 18,395 0 3,814 0 0 
S.-Red-Rainy 7,729 0 12,637 0 0 
Missouri 158,664 0 24,042 5,839 42,273 
Ark.-White-Red 83,860 0 14,760 22,256 0 
Texas-Gulf 44,558 329 0 22,500 0 
Rio Grande 15,613 638 5,959 4,485 0 
0. Colorado 6,452 0 1,879 1,064 0 
L. Colorado 6,796 1,082 0 614 0 
Great Basin 7,555 0 0 0 0 
Col.-N. Pacific 23,644 0 2,057 3,329 0 
Cal.-S. Pacific 16, 102 114 2,527 1,761 0 
iHay equivalent. 
^Assumes a live weight of 220 pounds per head. 
Table B.8 . Production of annual crops in the 18 river basins under Model A3 in 2000 
Corn grain Corn B Soybean & 
& grain Barley & sorghum cottonseed 
River basin Wheat sorghum* oatsz silagess oilmeals* 
(000 bu) (000 bu) (000 bu) (000 tons) (000 cwt) 
United States 2,061,620 6,135,105 1,763,959 307,460 855,997 
New England 0 0 4,917 55 0 
M. Atlantic 129,113 31,201 110,055 622 8,868 
S. Atlantic-Gulf 39,020 114,762 115,610 27,749 129,809 
Great Lakes 65,563 411,396 157,856 14,671 49,585 
Ohio 124,254 1,237,440 77,035 8,627 94,382 
Tennessee 0 0 0 0 14,001 
0. Mississippi 225,049 2,140,568 165,341 76,955 251,892 
L. Mississippi 170,437 121,503 18,287 496 125,596 
S.-Red-Rainy 58,899 64,655 479,153 13,267 0 
Missouri 487,868 766,348 385,009 69,917 138,458 
Ark.-White-Red 227,417 531,588 35,230 68,528 40,582 
Texas-Gulf 87,245 549,605 0 6,909 288 
Rio Grande 0 70,637 1,756 3,762 39 
0. Colorado 0 0 0 0 0 
L. Colorado • 0 0 0 0 0 
Great Basin 6,714 0 10,499 5,623 0 
Col.-N. Pacific 394,206 0 36,312 8,484 0 
Cal.-S. Pacific 45,835 95,402 166,899 1,795 2,497 
icorn equivalent. 
^Barley equivalent. 
3Wet tons. 
•Soybean oilmeal equivalent. 
Table B.9. Production of hay and pasture and selected livestock in the 18 river 
basins under Model A3 in 2000 
River basin 
All hay and 
pasture» 
Dairy 
cows 
Beef 
cows 
Beef 
feeding Hogs2 
(000 tons) (000 head) (000 head) (000 head) (000 head) 
United States 56a,879 8,578 86,193 63,691 145,296 
New England 592 0 0 0 0 
M. Atlantic 7,480 0 672 951 0 
S. Atlantic-Gulf 28,396 1,619 797 494 2,338 
Great Lakes 34,273 4,372 305 0 5,037 
Ohio 32,823 405 5,977 440 42,273 
Tennessee 6,447 0 6,362 0 0 
U. Mississippi 69,793 0 4,318 0 53,375 
L. Mississippi 18,393 0 3,700 0 0 
S.-Red-Rainy 7,776 0 12,594 0 0 
Missouri 156,549 0 23,621 5,822 42,273 
Ark.-White-Red 79,214 0 16,660 20,025 0 
Texas-Gulf 55, 163 329 0 22,500 0 
Rio Grande 15,546 642 5,868 7,123 0 
0. Colorado 6, 323 0 1,583 1,161 0 
L. Colorado 4,849 1,146 0 0 0 
Great Basin 7,033 0 0 0 0 
Col.-N. Pacific 19,873 0 1,785 3,232 0 
Cal.-S. Pacific 14,356 65 1,951 1,943 0 
iHay equivalent. 
^Assumes a live weight of 220 pounds per head 
Table B.10. Production of annual crops in the 18 river basins under Model B in 2000 
River basin Wheat 
Corn grain 
& grain 
sorghum! 
Barley & 
oatsz 
Corn & 
sorghum 
silages^ 
Soybean 6 
cottonseed 
oilmeals* 
(000 bu) (000 bu) (000 bu) (000 tons) (000 cwt) 
United States 2,515,444 5,587,168 1,190,605 240,761 783,992 
New England 0 0 4,553 0 0 
M. Atlantic 121,958 0 91,363 0 0 
S. Atlantic-Gulf 5,429 70,913 155,696 10,113 107,310 
Great Lakes 77,382 393,952 160,347 12,335 57,584 
Ohio 127,071 983,192 54,726 6,566 119,363 
Tennessee 0 0 0 0 5,933 
(J. Mississippi 225,049 2,177,079 162,744 76,145 224,354 
L. Mississippi 266,445 0 0 0 128,288 
S.-Red-Rainy 427,254 1,234 8,620 239 0 
Missouri 430,751 793,182 364,669 58,496 120,903 
Ark.-White-Red 299,884 403,800 28,570 49,407 15,543 
Texas-Gulf 87,129 565,280 24,273 5,059 288 
Rio Grande 0 74,115 1,756 3,924 39 
0. Colorado 0 3,130 8,842 823 0 
L. Colorado 1,796 0 26,093 0 0 
Great Basin 9,428 0 10,307 6,945 0 
Col.-N. Pacific 390,389 14,216 35,651 7,087 0 
Cal.-S. Pacific 45,479 107,075 52,395 3,622 4,387 
iCorn equivalent. 
^Barley equivalent. 
3Wet tons. 
•Soybean oilmeal equivalent. 
Table B,11. Production of hay and pasture and selected livestock in the 18 river 
basins under Model B in 2000 
River basin 
All hay and 
pasture* 
Dairy 
cows 
Beef 
cows 
Beef 
feeding Hogsz 
(000 tons) (000 head) (000 head) (000 head) (000 head] 
United States 544,992 8,020 79,768 59,465 135,619 
New England 591 0 0 0 0 
M. Atlantic 5,260 0 420 541 0 
S. Atlantic-Gulf 25,390 1,558 561 348 4,795 
Great Lakes 27,700 3,461 0 0 0 
Ohio 25,865 980 3,982 928 42,273 
Tennessee 5,337 0 5,140 0 0 
0. Mississippi 68,125 0 3,979 0 50,054 
L. Mississippi 15,777 0 2,861 0 0 
S.-Red-Rainy 8,636 0 10,196 0 0 
Missouri 145,583 0 23,077 6,981 38,497 
Ark.-Hhite-Red 80,933 0 12,913 17,979 0 
Texas-Gulf 44,221 307 1,710 22,24^0 0 
Rio Grande 15,931 595 6,242 3,469 0 
0. Colorado 7,522 0 2,381 1,834 0 
L. Colorado 5,643 1,019 0 672 0 
Great Basin 8,479 0 0 0 0 
Col.-N. Pacific 27,321 0 2,414 1,762 0 
Cal.-S. Pacific 26,678 100 3,892 2,711 0 
iHay equivalent. 
^Assumes a live weight of 220 pounds per head. 
Table B.12, Production of annual crops in the 18 river basins under Model C in 2000 
Corn grain Corn 8 Soybean S 
& grain Barley 5 sorghum cottonseed 
River basin Wheat sorghumi oatsz silages^ oilmeals* 
(000 bu) (000 bu) (000 bu) (000 tons) (000 cwt) 
United States 1,598,819 6,359,254 1,541,794 407,454 1,017,988 
New England 0 70 2,479 1,101 0 
M. Atlantic 95,404 58,716 84,070 2,304 10,157 
S. Atlantic-Gulf 15,014 178,530 38,873 52,726 100,227 
Great Lakes 76,642 386,127 149,291 15,885 74,187 
Ohio 54,705 909,279 63,467 9,812 128,219 
Tennessee 21,755 3,929 0 2,281 6,272 
U. Mississippi 110,982 1,980,851 259,812 62,576 296,508 
L. Mississippi 24,238 215,691 27,462 26,499 123,279 
S.-Red-Rainy 159,560 31,595 280,572 7,810 4,054 
Missouri 417,214 1,298,621 454,158 81,671 217,197 
Ark.-White-Red 207,702 554,849 54,974 91,133 49,732 
Texas-Gulf 53,540 506,066 1,836 7,127 3,249 
Rio Grande 4,134 68,602 2,411 4,602 769 
U. Colorado 2,981 5,076 3,882 1,928 0 
L. Colorado 1,324 546 22,702 0 2,263 
Great Basin 1,952 0 2,572 10,631 29 
Col.-N. Pacific 313,085 10,218 47,559 14,591 0 
Cal.-S. Pacific 38,587 150,488 45,674 14,777 1,846 
iCorn equivalent. 
^Barley equivalent. 
3Wet tons. 
•Soybean oilmeal equivalent. 
Table B.13, Production of hay and pasture and selected livestock in the 18 river 
basins under Model C in 2000 
All hay and Dairy Beef Beef 
River basin pasture* cows cows feeding Hogs2 
(000 tons) (000 head) (000 head) (000 head) (000 head) 
United States . 463,725 8,202 80,146 59,626 135,619 
New England 1,950 484 0 0 0 
M. Atlantic 14,081 0 1,048 1,387 0 
S. Atlantic-Gulf 28,514 2, 144 2,055 0 0 
Great Lakes 25,256 2,997 720 0 0 
Ohio 33,127 713 5,748 0 42,273 
Tennessee 6,138 0 7,586 0 0 
U. Mississippi 49,670 0 4,752 0 55,490 
L. Mississippi 15,807 0 4,559 0 0 
S.-Red-Rainy 6,066 0 8,900 0 0 
Missouri 100,720 0 18,251 5,932 37,856 
Ark.-White-Bed 54,132 6 11,073 18,000 0 
Texas-Gulf 44,522 307 0 21,825 0 
Rio Grande 16,460 434 6,851 5,263 0 
U. Colorado 7,135 0 2,298 2,397 0 
L. Colorado 5,775 1,012 0 318 0 
Great Basin 8,551 0 0 0 0 
Col.-N. Pacific 25,296 0 2,754 1,699 0 
Cal.-S. Pacific 20,525 105 3,551 2,805 0 
iHay equivalent 
^Assumes a live weight of 220 pounds per head. 
Table B.14. Production of annual crops in the 18 river basins under Model D in 2000 
Corn grain Corn & Soybean & 
6 grain Barley & sorghum cottonseed 
River basin Wheat sorghum * oats2 silages^ oilmeals* 
(000 bu) (000 bu) (000 bu) (000 tons) (000 cwt) 
United States 2,296,640 7,361,955 1 ,338,799 275,389 1,206,382 
New England 0 0 4,917 55 0 
H. Atlantic 122,184 113,275 43,892 4,030 12,350 
S. Atlantic-Gulf 0 516,166 30,010 41,773 115,910 
Great Lakes 82,244 396,506 131,853 14,119 70,674 
Ohio 84,464 883,850 66,144 8,534 167,815 
Tennessee 0 32,290 1,432 1,182 11,978 
0. Mississippi 225,049 2,294,061 250,219 61,418 309,216 
L. Mississippi 0 761,502 107,920 9,818 67,715 
S.-Red-Rainy 431,297 538 77,450 2,198 0 
Missouri 604,178 1 , 149,492 441,880 62,075 288,069 
Ark,-White-Red 187,403 535,616 19,762 50,125 152,402 
Texas-Gulf 71,024 468,704 0 6,720 4,856 
Rio Grande 0 74,115 1,291 3,166 1,437 
U, Colorado 0 0 9,600 0 0 
L. Colorado 128 0 17,022 0 0 
Great Basin 5,291 0 10,694 2,192 0 
Col.-N. Pacific 435,526 7,501 58,305 4,434 0 
Cal.-S. Pacific 47,852 128,339 66,408 3,550 3,960 
iCorn equivalent. 
ZBarley equivalent. 
3Wet tons. 
•Soybean oilmeal equivalent. 
Table B.15. Production of hay and pasture and selected livestock in the 18 river 
basins under Model D in 2000 
River basin 
All hay and 
pasture! 
Dairy 
cows 
Beef 
cows 
Beef 
feeding Hogs2 
(000 tons) (000 head) (000 head) (000 head) (000 head) 
United States 523,638 9, 378 73,563 71,507 157,900 
New England 592 129 0 0 0 
M. Atlantic 13,363 0 1,169 0 0 
S. Atlantic-Gulf 29,281 227 2,156 5,392 0 
Great Lakes 30,288 4,887 234 0 0 
Ohio 33,984 194 5,938 0 54,511 
Tennessee 7,124 1,020 4,577 0 0 
U. Mississippi 52,436 0 15,396 0 44,202 
L. Mississippi 16,460 368 2,625 0 0 
S.-Red-Rainy 6,147 0 7,962 0 0 
Missouri 117,778 0 6,833 5,088 59,187 
Ark.-White-Red 64,529 193 13,520 20,029 0 
Texas-Gulf 57,877 0 0 24,058 0 
Rio Grande 16,931 999 5,068 9,013 0 
U. Colorado 8,016 0 2,008 2,536 0 
L. Colorado 5,807 1,361 0 0 0 
Great Basin 9,804 0 0 0 0 
Col.-N. Pacific 25,308 0 2,218 2,041 0 
Cal.-S. Pacific 27,913 0 3,859 3,350 0 
iRay equivalent. 
^Assumes a live weight of 220 pounds per head 
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APPENDIX C. FEED CONSUMED BY CLASS OF LIVESTOCK IN 2000 
Table C.I. Feed consumption by class of livestock in the United States andec Model R 
in 2000 
Class Feed grains Oilmealsi Wheat Forages^ 
(000 bu) (000 cwt) (000 bu) (000 tons) 
Beef cows 270,963 458 0 539,691 
Beef feeding 2,202, 182 117,938 500,134 66,627 
Dairy 743,392 93,057 12,186 46,178 
Hogs 1,814,268 174,457 335,265 0 
Sheep and lambs 15,163 8,575 73 8,483 
Broilers 367,160 151,776 1,727 0 
Turkeys 140,917 65,573 7,080 296 
Eggs 314,404 64,343 19,194 531 
Other 400,039 7,680 0 0 
Total 6,268,488 683,862 875,659 661,806 
^Includes soybean and cottonseed oilmeals. 
zincludes tame hay, wild hay, corn and sorghum silage, and all pasture in hay 
equivalent tons. 
Table C.2. Feed consumption by class of livestock in the United States under Model 
R1 in 2000 
Class Feed grains Oilmealsi Wheat Forages^ 
(000 bu) (000 cwt) (000 bu) (000 tons) 
Beef cows 274,847 659 0 539,246 
Beef feeding 2,242,555 122,353 457,029 66,630 
Dairy 722,089 92,048 24,768 46,332 
Hogs 1,820,461 172,912 336,823 0 
Sheep and lambs 15,163 3,575 73 8,483 
Broilers 367,160 151,776 1,727 0 
Turkeys 140,917 65,573 7,080 296 
Eggs 314,404 64,343 19,194 531 
Other 400,039 7,680 0 0 
Total 6,297,635 685,924 846,694 661,518 
^Includes soybean and cottonseed oilmeals. 
zincludes tame hay, wild hay, corn and sorghum silage, and all pasture in hay 
equivalent tons. 
Table C.3. Feed consumption by class of livestock in the United States ander Model 
A2 in 2000 
Class Feed grains Oilmealsi Wheat Forages^ 
(000 bu) (000 cwt) (000 bu) (000 tons) 
Beef cows 301,373 6,660 0 537,204 
Beef feeding 2, 383,298 137,716 306,833 66,699 
Dairy 738,865 93,085 11,264 46,113 
Hogs 1,831,291 171,469 332,031 0 
Sheep and lambs 15,163 8,575 73 8,483 
Broilers 367,160 151,776 1,727 0 
Turkeys 140,917 65,573 7,080 296 
Eggs 314,404 64,348 19,194 531 
Other 400,039 7,680 0 0 
Total 6,492,510 706,882 678,202 659,326 
^Includes soybean and cottonseed oilmeals. 
^Includes tame hay, wild hay, corn and sorghum silage, and all pasture in hay 
equivalent tons. 
Table C.4. Feed consumption by class of livestock in the United States under Model 
A3 in 2000 
Class Feed grains Oilmealsi Wheat Forages^ 
(000 bu) (000 cwt) (000 bu) (000 tons) 
Beef cows 292,788 5,191 0 537,989 
Beef feeding 2,429,040 131,270 277,442 66,692 
Dairy 739,538 89,772 14,012 46,202 
Hogs 1 ,828,377 171,829 331,720 0 
Sheep and lambs 15,163 8,575 73 8,483 
Broilers 367,160 151,776 1,727 0 
Turkeys 140,917 65,573 7,080 296 
Eggs 314,404 64,348 19,194 531 
Other 400,039 7,680 0 0 
Total 6,527,426 696,014 651,248 650,193 
^Includes soybean and cottonseed oilmeals. 
zincludes tame hay, wild hay, corn and sorghum silage, and all pasture in hay 
equivalent tons. 
Table C.5. Feed consumption by class of livestock in the United States under Model B 
in 2000 
Class Feed grains Oilmealsi Wheat Forages^ 
(000 bu) (000 cwt) (000 bu) (000 tons) 
Beef cows 221,681 0 0 505,956 
Beef feeding 2,109,194 108,787 432,460 62,445 
Dairy 603,646 83,670 83,803 43,173 
Hogs 1,325,618 150,946 613,996 0 
Sheep and lambs 14,152 8,003 68 7,917 
Broilers 342,683 141,658 1,612 0 
Turkeys 131,522 61,201 6,608 276 
Eggs 293,444 60,058 17,914 496 
Other 400,039 7,680 0 0 
Total 5,441,979 622,003 1,156,461 620,263 
^Includes soybean and cottonseed oilmeals. 
^Includes tame hay, wild hay, corn and sorghum silage, and all pasture in hay 
equivalent tons. 
Table C,6. Feed consumption by class of livestock in the United States under Model c 
in 2000 
Class Feed grains Oilmeals* Wheat Forages® 
(000 bu) (000 cwt) (000 bu) (000 tons) 
Beef cows 271,832 79,592 2,851 492,646 
Beef feeding 2,575,985 186,319 66,785 52,056 
Dairy 714,937 128,565 6,223 37,279 
Hogs 1,821,652 182,927 137,771 0 
Sheep and lambs 1£», 152 8,003 68 7,917 
Broilers 342,683 141,658 1,612 0 
Turkeys 131,522 61,201 6,608 276 
Eggs 293,444 60,058 17,914 496 
Other 400,039 7,680 0 0 
Total 6,566,246 856,003 239,832 590,670 
^Includes soybean and cottonseed oilraeals. 
^Includes tame hay, wild hay, corn and sorghum silage, and all pasture in hay 
equivalent tons. 
Table C.7. Feed consumption by class of livestock in the United States under Model D 
in 2000 
Class Feed grains Oilmealsi Wheat Forages^ 
(000 bu) (000 cwt) (000 bu) (000 tons) 
Beef cows 127,916 34,101 0 471,954 
Beef feeding 2,909,682 163,016 83,827 75,285 
Dairy 776,776 108,322 18,021 51,955 
Hogs 1,521,137 160,381 158,462 0 
Sheep and lambs 16,473 9,316 79 9,216 
Broilers 398,883 164,889 1,876 0 
Turkeys 153,092 71,239 7,692 322 
Eggs 341,569 69,908 20,852 577 
Other 400,039 7,680 0 0 
Total 6,645,567 788,852 290,809 609,309 
^Includes soybean and cottonseed oilmeals. 
^Includes tame hay, wild hay, corn and sorghum silage, and all pasture in hay 
equivalent tons. 
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APPENDIX D. WATER CONSUMED BY SELECTED CROPS AND LIVESTOCK 
IN 2000 
Table D.I. Consumptive use of water by annual crops in the 9 western river basins 
under Model A in 2000 
Corn Grain Sugar 
River basin Wheat grain sorghum Oats Barley Soybeans Cotton beets 
(thousand acre feet per year) 
Consumptive use 
Western Basins 2,309 1,489 3,579 735 907 8 1,766 143 
Missouri 140 562 54 462 0 0 0 0 
Ark.-White-Red 0 478 1,670 25 0 8 67 0 
Texas-Gulf 0 67 1,051 39 0 0 63 0 
Rio Grande 0 0 477 58 0 0 135 0 
U. Colorado 0 56 0 40 0 0 0 0 
L. Colorado 0 0 0 0 869 0 0 0 
Great Basin 72 0 0 0 37 0 0 0 
Col.-N. Pacific 1,962 231 0 93 0 0 0 0 
Cal.-S. Pacific 135 95 327 18 0 0 1,501 143 
Table D.2. Consumptive use of water by silages, hay, pasture ani selected livestock 
in the 9 western river basins under Model R in 2000 
River basin Silages 
Tame 
hay 
Wild 
hay Pasture Dairy 
Beef 
cows 
Beef 
feeding Hogs 
(thousand acre feet per year) 
Con sumptive use 
Western Basins 1,786 26,610 1,520 10,616 75 748 584 256 
Missouri 770 6,464 437 1,757 0 329 56 256 
Ark.-White-Red 418 1,253 12 327 0 187 209 0 
Texas-Gulf 9 130 0 492 9 0 212 0 
Rio Grande 185 750 76 660 19 81 39 0 
0. Colorado 46 884 199 1,340 0 40 18 0 
L. Colorado 0 966 0 172 45 0 4 0 
Great Basin 0 1,245 372 369 0 0 0 0 
Col.-N. Pacific 221 6,238 405 2,775 0 32 17 0 
Cal.-S, Pacific 137 8,680 19 2,724 2 79 29 0 
Table D.3. Consumptive use of water by annual crops in the 9 western river basins 
under Model A1 in 2000 
Corn Grain Sugar 
River basin Wheat grain sorghum Oats Barley Soybeans Cotton beets 
(thousand acre feet per year) 
Consumptive use 
Western Basins 3, 131 1,373 3,207 676 935 8 1,638 141 
Missouri 0 6UU 54 478 0 0 0 0 
Ark.-White-Red 0 a78 1,584 25 0 8 57 0 
Texas-Gulf 0 0 1,075 0 0 0 63 0 
Rio Grande 0 0 477 58 0 0 13 0 
0. Colorado 0 13 0 9 0 0 0 0 
L. Colorado 0 0 0 0 719 0 0 0 
Great Basin 72 0 0 0 64 0 0 0 
Col.-N. Pacific 2,924 139 0 0 0 0 0 0 
Cal.-S. Pacific 135 99 17 106 151 0 1,505 141 
Table D.U. Consumptive use of water by silages, hay, pasture and selected livestock 
in the 9 western river basins under Model A1 in 2000 
River basin Silages 
Tame 
hay 
Wild 
hay Pasture Dairy 
Beef 
cows 
Beef 
feeding Hogs 
(thousand acre feet per year) 
Consumptive use 
Western Basins 1,569 18,386 907 8,130 78 739 587 256 
Missouri 800 4,286 218 1,757 0 327 56 256 
Ark.-White-Red 417 1,269 12 327 0 189 220 0 
Texas-Gulf 9 75 0 247 9 0 212 0 
Rio Grande 185 435 0 230 21 81 34 0 
0. Colorado 354 197 433 0 31 14 0 
L. Colorado 0 1,108 0 172 48 0 5 0 
Great Basin 0 321 372 369 0 0 0 0 
Col.-N. Pacific 0 2,147 108 2,486 0 28 23 0 
Cal.-S. Pacific 144 8,391 0 2,109 0 83 23 0 
Table D.5. Consumptive use of water by annual crops in the 9 western river basins 
under Model A2 in 2000 
Corn Grain Sugar 
River basin Wheat grain sorghum Oats Barley Soybeans Cotton • beets 
(thousand acre feet per year) 
Consumptive use 
Western Basins 2, 113 672 3, 166 318 218 8 1,728 115 
Missouri 0 422 330 124 0 0 0 0 
Ark.-White-Red 0 98 1,284 25 0 8 57 0 
Texas-Gulf 0 0 1,075 0 0 0 63 0 
Rio Grande 0 0 477 58 0 0 13 0 
D. Colorado 0 13 0 9 0 0 0 0 
L. Colorado 0 0 0 0 0 0 0 0 
Great Basin 72 0 0 0 0 0 0 0 
Col.-N. Pacific 1,901 79 0 0 0 0 0 0 
Cal.-S.. Pacific 140 60 0 102 218 0 1,595 115 
Table D.6. Consumptive use of water by silages, hay, pasture ani selectsd livestock 
in the 9 western river basins under Model A2 in 2000 
River basin Silages 
Tame 
hay 
Wild 
hay Pasture Dairy 
Beef 
cows 
Beef 
feeding Hogs 
(thousand acre feet per year) 
Consumptive use 
Western Basins 1,166 10,349 573 5,634 77 698 582 266 
Missouri 658 2,417 180 832 0 320 55 266 
Ark.-White-Red 201 1,038 0 204 0 194 209 0 
Texas-Gulf 9 54 0 0 9 0 212 0 
Rio Grande 185 288 0 109 22 78 42 0 
0. Colorado 14 0 40 95 0 29 10 0 
L. Colorado 0 1,889 0 21 42 0 6 0 
Great Basin 0 326 306 369 0 0 0 0 
Col.-N, Pacific 0 2, 118 47 1,895 0 27 31 0 
Cal.-S. Pacific 99 2,219 0 2,109 4 50 17 0 
Table D.7. Consumptive use of water by annual crops in the 9 western river basins 
under Model A3 in 2000 
Corn Srain Sugar 
River basin Wheat grain sorghum Oats Barley Soybeans Cotton beets 
(thousand acre feet per year) 
Consumptive use 
Western Basins 1,717 554 2,311 211 0 8 1,077 143 
Missouri 0 410 54 124 0 0 0 0 
Ark.-White-Red 0 98 1,298 25 0 8 35 0 
Texas-Gulf 0 0 1,075 0 0 0 63 0 
Rio Grande 0 0 384 58 0 0 13 0 
D, Colorado 0 0 0 0 0 0 0 0 
L. Colorado 0 0 0 0 0 0 0 0 
Great Basin 0 0 0 0 0 0 0 0 
Col.-N. Pacific 1,577 0 0 0 0 0 0 0 
Cal.-S. Pacific mo 46 0 4 0 0 966 143 
Table D.8. Consumptive use of water by silages, hay, pasture and selected livestock 
in the 9 western river basins under Model A3 in 2000 
Tame Wild Beef Beef 
River basin Silages hay hay Pasture Dairy cows feeding Hogs 
(thousand acre feet per year) 
Consumptive use 
Western Basins 1,065 4, 954 373 2,399 77 696 581 266 
Missouri 614 829 5 198 0 314 55 266 
Ark.-White-Red 201 1,038 0 194 0 219 188 0 
Texas-Gulf 9 0 0 0 9 0 212 0 
Rio Grande 175 288 0 70 22 77 57 0 
0. Colorado 0 0 27 0 0 25 11 0 
L. Colorado 0 712 0 0 44 0 0 0 
Great Basin 0 143 298 249 0 0 0 0 
Col.-N. Pacific 0 0 43 728 0 23 30 0 
Cal.-S. Pacific 66 1,944 0 960 2 38 18 0 
Table D.9. Consumptive use of water by annual crops in the 9 western river basins 
under Model B in 2000 
Corn Grain Sugar 
River basin Wheat grain sorghum Oats Barley Soybeans Cotton beets 
I  '  I  • •  ,  . w — —  —  —  —  —  —  —  — •  —  —  -  -  I  '  m —  
(thousand acre feet per year) 
Consumptive use 
Western Basins 2,263 1,415 3,386 780 1,203 0 1, 866 0 
Missouri 0 562 54 462 0 0 0 0 
Ark.-White-Red 0 478 1,689 25 0 0 79 0 
Texas-Gulf 0 0 1,080 0 0 0 63 0 
Rio Grande 0 0 • 477 58 0 0 13 0 
0. Colorado 0 56 0 40 176 0 0 0 
L. Colorado 78 0 0 0 836 0 0 0 
Great Basin 72 0 0 0 64 0 0 0 
Col.-N. Pacific 1,978 227 0 89 0 0 0 0 
Cal.-rS. Pacific 135 92 86 106 126 0 1,711 0 
Table D.10. Consumptive use of water by silages, hay, pasture and selected 
livestock in the 9 western river basins under Model B in 2000 
River basin Silages 
Tame 
hay 
Wild 
hay Pasture Dairy 
Beef 
cows 
Beef 
feeding Hogs 
(thousand acre feet per year) 
Con sumptive use 
Western Basins 1,776 23,576 1, 519 11,097 70 726 543 240 
Missouri 770 6,330 436 1,757 0 306 66 240 
Ark.-White-Red 419 1,194 !\2 327 0 170 169 0 
Texas-Gulf 9 111 0 296 8 22 209 0 
Rio Grande 185 288 76 660 20 82 33 0 
U. Colorado 46 422 199 1,340 0 37 17 0 
L. Colorado 0 871 0 253 39 0 6 0 
Great Basin 0 1,254 372 369 0 0 0 0 
Col.-N. Pacific 212 5,384 405 2,775 0 32 17 0 
Cal.-S. Pacific 135 7,722 19 3,320 3 77 26 0 
Table D.11. Consumptive use of water by annual crops in the 9 western rivet basins 
under Model C in 2000 
River basin Wheat 
Corn 
grain 
Grain 
sorghum Oats Barley Soybeans Cotton 
Sugar 
beets 
(thousand acre feet per year) 
Consumptive use 
Western Basins 2,976 2,122 3,907 1,096 734 374 2,935 1,806 
Missouri 140 728 803 520 0 360 0 26 
Ark.-White-Red 0 478 876 25 0 14 133 14 
Texas-Gulf 0 55 623 32 0 0 538 0 
Rio Grande 219 36 477 82 0 0 346 0 
U. Colorado 37 108 0 114 1 0 0 45 
L. Colorado 56 11 0 0 733 0 1,252 0 
Great Basin 65 0 0 0 0 0 11 43 
Col.-N. Pacific 2,252 176 0 195 0 0 0 511 
Cal.-S. Pacific 207 530 1,128 128 0 0 655 1, 167 
Table D.12. Consumptive use of water by silages, hay, pasture and selected 
livestock in the 9 western river basins under Model C in 2000 
River basin Silages 
Tame 
hay 
Wild 
hay Pasture Dairy 
Beef 
cows 
Beef 
feeding Hogs 
(thousand acre feet per year) 
Consumptive use 
Western Basins 3,254 21,305 1,634 11,425 66 622 548 236 
Missouri 913 5,728 437 1,757 0 244 56 236 
Ark.-White-Red 1,034 538 22 346 0 146 169 0 
Texas-Gulf 5 172 0 530 8 0 205 0 
Rio Grande 218 705 76 818 15 90 50 0 
U. Colorado 113 955 199 1,340 0 36 23 0 
L. Colorado 0 1,123 2 101 39 0 3 0 
Great Basin 0 1,277 367 369 0 0 0 0 
Col.-N. Pacific 358 5,553 405 2,775 0 36 16 0 
Cal.-S. Pacific 613 5,254 126 3,389 4 70 26 0 
Table D.13. Consumptive use of water by annual crops in the 9 western river basins 
under Model D in 2000 
Corn Grain Sugar 
River basin Wheat grain sorghum Oats Barley Soybeans Cotton beets 
(thousand acre feet per year) 
Consumptive use 
Western Basins 3,897 1,386 3,243 651 959 360 3,372 348 
Missouri 140 702 65 355 0 360 0 0 
Ark.-White-Red 0 478 2,204 25 0 0 79 0 
Texas-Gulf 0 0 160 0 0 0 1, 125 0 
Rio Grande 0 0 477 42 0 0 634 0 
0, Colorado 0 0 0 0 213 0 0 205 
L. Colorado 0 0 0 0 544 0 0 0 
Great Basin 160 0 0 0 201 0 0 0 
Col.-N. Pacific 3, «123 115 0 123 0 0 0 0 
Cal.-S. Pacific 174 91 337 106 0 0 1,534 143 
Table D.14. Consumptive use of water by silages, hay, pasture and selected 
livestock in the 9 western river basins under Model D in 2000 
River basin Silages 
Tame 
hay 
Wild 
hay Pasture Dairy 
Beef 
cows 
Beef 
feeding Hogs 
(thousand acre feet per year) 
Consumptive use 
Western Basins 1,463 25,188 1,516 9,821 92 474 622 380 
Missouri 699 7,348 438 1,757 0 93 48 380 
Ark,-White-Red 431 702 12 327 8 178 188 0 
Texas-Gulf 1 94 0 492 0 0 226 0 
Rio Grande 156 827 76 631 31 67 85 0 
0. Colorado 0 1, 187 199 1,340 0 31 24 0 
L. Colorado 0 1,161 0 21 53 0 0 0 
Great Basin 0 954 367 369 0 0 0 0 
Col.-N. Pacific 45 4,856 405 2,775 0 29 19 0 
Cal.-S. Pacific 131 8, 059 19 2,109 0 76 32 0 
